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RUNNING  CHASSIS  II 


Project  Manager:  Ametigon  Incorporated 
CS-AR94-01 


Amerigon  has  completed  the  Running  Chassis  n  program.  Despite  encountering  some 
delays  in  the  schedule,  Amerigon  completed  the  work  and  met  the  original  objectives  of 
the  program. 

As  the  final  report  (see  Appendix)  indicates,  Amerigon  had  the  four  following  major 
objectives  for  the  Running  Chassis  n  program: 

1.  Design,  fabricate,  and  test  a  low-cost  EV  (known  as  the  REV  A); 

2.  Design,  fabricate,  and  test  a  high-end  EV  for  an  OEM  level  customer; 

3.  Test  and  compare  steel  and  aluminum  chassis’  in  the  REVA;  and 

4.  Design,  fabricate,  and  test  a  production  drive  train  for  the  REVA. 

These  objectives  were  all  met.  Some  of  the  key  findings  and  aecomplishments  are 
highlighted  below: 

•  The  benefits  of  an  aluminum  ehassis  on  a  very  small  vehicle  are  not  significant  given 
the  over-all  weight  of  the  chassis  as  a  percentage  of  the  vehiele  weight  (batteries 
included). 

•  A  rugged,  production  ready  integrated  drivetrain  was  designed  and  produeed. 

•  The  initial  prototype  high-end  EV  was  designed  and  developed  and  served  as  the 
basis  for  47  additional  prototypes; 

•  Several  low-eost  EVs  were  produced  and  field  tested; 

•  In  shaker  tests,  Amerigon  completed  over  200,000  kilometers  of  city  driving  on  its 
REVA. 

•  Amerigon  identified  and  after  testing,  found  a  suitable  high  quality  vacuum  forming 
process  to  manufacture  low  cost  plastic  body  panels. 
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RUNNING  CHASSIS  II 

Project  Manager:  Ameiigoti  Incorporated 

CS-AR94-01 

In  addition  to  the  delays  in  the  schedule  (about  eight  months  behind),  Amerigon  also 
found  that  the  program  was  more  expensive  than  originally  anticipated.  Both  with  the 
REV  A  and  the  high-end  EV,  Amerigon  was  forced  to  make  design  changes  which 
resulted  in  delays  and  unanticipated  expenditures.  Amerigon  had  hoped  to  complete  the 
program  for  a  total  of  $1.42  million,  but  instead  spent  nearly  $4  million.  Consequently, 
instead  of  matching  the  $700,000  in  DARPA  funds  with  $720,000  in  their  own  funds, 
Amerigon  provided  approximately  $4  million  in  matching  funds. 

At  this  point,  Amerigon  has  not  finalized  plans  to  move  either  the  integrated  drivetrain  or 
the  vehicle  into  production.  Amerigon  continues  to  negotiate  with  potential  strategic 
partners  to  produce  both  products,  either  separately  or  collectively.  Amerigon  reports  that 
it  continues  to  have  difficulty  in  its  dealings  with  the  Indian  Government,  its  local  partner 
in  India,  and  its  financial  investors.  Amerigon  indicates  that  the  central  issues  with  these 
entities  revolve  around  technology  license  rights,  management  and  control,  and  other 
business  concerns. 


11/5/1997 


2 


CALSTART 


CDLSIIIHT 


Defense  Advanced  Research  Projects  Agency 
Cooperative  Agreement  MDA972-95-2-0011 
and  modifications  through  POOOll 
Quarterly  Report 
July  1  to  September  30, 1997 


RUNNING  CHASSIS  II 


Project  Manager:  Amerigon  Incorporated 
CS-AR94-01 


“MILESTONES'  . 

DARPA 

MATCH 

QTR 

A 

OATE  DUE 

1^/14/95 

COMW^ 

i  MATCH 
i^FMNDS 
EXPENDED 

:  DARPA 
FUNDS 
E}a>ENDED 

1 

Initiate  work 

200,000 

460,000 

1 

il/21/95 

75,000 

2 

Complete  breadboard 
designs  of  drive  train, 
running  chassis,  steel 
space  frame 

175,000 

200,000 

2 

12/31/95 

12/15/95 

103,222 

3 

Fabricate  EV4  &  BEV 
prototype  parts.  Complete 
build  of  EV4 

125,000 

0 

3 

3/31/96 

270,000 

4 

Complete  all  BEV  tests. 
Revise  tools  for  EV4  and 
BEV 

40,000 

15,000 

4 

6/30/96 

7/8/96 

5 

Complete  build  EV4. 
Complete  EV4  vehicle 
tests. 

0 

0 

5 

9/30/96 

e" 

Complete  and  begin  tests 

1®'  productionized  drive 
train. 

0 

0 

12/31/96 

36,000 

7 

Complete  finite  eiement 
Analysis.  Complete  design 
BEV  running  chassis. 

0 

0 

3/30/97 

144,000 

s' 

Complete  build/test  4 
alumn  BEV’s  w/o  body 
panels  -  2  w/welded  & 
bonded  frames.  Build/test 

5  productionized  drive 
trains.  Complete 
comparative  chassis 
analysis  and  final  report. 

160,000 

45,000 

6 

6/30/97 

700,000 

720,000 

4,098,410 

628,222 

Match  funds  were  not  fully  reported  during  the  project.  Byron  Kwan,  Controller,  closed  the  project  accounting  records  with 
Amerigon’s  costs  at  $4,098,410. 
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HYBRID  ELECTRIC  BUS  DEMONSTRATION 

Project  Manager:  Capstone  Turbine  Corporation 
CS-AR94-06 


The  CARTA  hybrid  bus  equipped  with  the  Capstone  turbine  is  currently  in  service  in 
Chattanooga.  The  bus  includes  a  Nartron  advanced  electric  air  conditioning  system,  a 
Solectria  140  kW  drive  train  and  a  Fulmen  192  amp-hour,  324  volt  battery  set.  CARTA 
is  very  pleased  with  the  bus  and  reports  that  the  riders  seem  to  be  unaware  of  any 
difference  between  the  hybrid  and  the  other  electric  buses.  Several  visitors  have  asked, 
“When  will  the  turbine  start?”  when  the  MicroTurbine  is  operating. 

The  bus  has  been  transported  to  several  other  locations  for  demonstrations: 

•  Denver  Economic  Summit  and  Advanced  Vehicle  Showcase  -  Bus 
was  used  to  transport  summit  staff  members  and  to  transport 
National  Renewable  Energy  Laboratory  guests  from  Denver  to  the 
NREL  facility  in  Golden. 

•  Washington  DC  for  the  Conference  on  Changing  Climate  hosted 
by  Vice  President  Gore 

•  Baltimore  Maryland  for  the  Cities  For  Clean  Air  Conference 

Visitors  to  Chattanooga  from  the  General  Services  Agency  and  the  Electric  Power 
Research  Institute  reported  that  they  were  very  impressed. 

Third  Quarter  97  Accomplishments 

The  following  activities  were  completed  during  the  last  quarter: 

•  Operation  of  the  hybrid  bus  as  part  of  the  electric  fleet  in  Chattanooga  continued 

•  Operation  with  the  electrically  driven  air  conditioning  system  was  verified 

•  Power  management  algorithm  revised  to  improve  mileage 

•  System  integration  issues  were  resolved 

•  Acoustic  signatures  were  measured 

•  Demonstrations  of  the  hybrid  bus  were  successful 
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HYBRID  ELECTRIC  BUS  DEMONSTRATION 

Project  Manager:  Capstone  Turbine 
CS-AR94-06 

The  hybrid  bus  is  used  in  regular  daily  service.  Typical  operation  is  to  run  the  bus  with 
the  turbine  until  the  fuel  is  used  and  then  to  run  the  remainder  of  the  shift  with  batteries. 


^  .WiriiESTONES 

/DARFAf 

MATCH 

QTR 

^  DATE 
DUE 

COMPLETE 

MATCH 

FUNDS 

EXPENDED: 

DARPA 

FUNDS 

EXPENDED 

1 

Initiate  Work 

40,000 

40,000 

8/30/95 

12/15/95 

112,811 

36,000 

2 

Vandenburg 
Combustor/Monolith 
Test  rig 

102,500 

102,500 

12/31/96 

1/11/96 

102,932 

92,250 

1 

Hardware/Electrical 

Design 

50,000 

50,000 

1 

12/31/96 

1/11/97 

50,000 

50,000 

2 

Vehicle  Integration 

82,000 

82,000 

2 

3/30/97 

3/30/97 

3 

System  Integration 

20,000 

20,000 

3 

6/30/97 

3/30/97 

107,310 

90,000 

4 

Final  report 

7,500 

5,000 

4 

9/30/97 

TOTAL 

300,000 

300,000 

373,053 

268,250 
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HEAVY-DUTY  HYBRID  ELECTRIC  VEHICLE  EMISSIONS  STUDY 
Project  Manager:  Natural  Resources  Defense  Council 
CS-AR94-07 

During  this  quarter,  National  Resources  Defense  Council  (NRDC)  efforts  focused  on 
review  of  material  prepared  by  its  technical  subconsultant,  Acurex.  NRDC  continued  its 
work  to  edit  draft  report  chapters  and  prepare  the  policy  analysis  and  recommendations 
portion  of  the  report. 

NRDC  also  completed  contract  negotiations  with  Acurex  for  the  preparation  of  the  study 
evaluating  the  economics  of  hybrid  electric  vehicle  applications  in  truck  and  bus  fleets. 
Under  this  contract,  Acurex  will  address  such  issues  at  comparative  engine  costs, 
maintenance  expenses,  fuel  economy  and  engine  longevity  in  order  to  estimate  the 
internal  benefits  of  various  technologies.  Acurex  will  prepare  a  spreadsheet  model  to 
evaluate  capital,  fuel,  facility  and  operating  costs  for  heavy  duty  vehicle  operations. 


MjLESTPNE^r 

DARPA 

:  MATCH 

QTR 

DATE  DUE 

COMPLETE 

;  MATCH 
'  FUNDS  ^ 

expended 

OARPA 

ScII^NDS.'  ■■ 

EXPENDED 

1 

Refine  study 
design. 

20,000 

20,000 

1 

8/1/95 

12/30/95 

13,500 

2 

Data  collection 

16,000 

16,000 

2 

11/1/95 

9/30/96 

16,000 

3 

Data  Evaluation 

16,000 

16,000 

3 

2/1/96 

12/30/96 

23,500 

63,000 

4 

Scientific  review 

16,000 

16,000 

4 

5/1/96 

5 

Draft  study 

16,000 

16,000 

5 

8/1/96 

6 

Final  report/study 

16,000 

16,000 

6 

11/1/96 

TOTAL 

100,000 

100,000 

63,000 

63,000 
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PROGRAM  MANAGEMENT  AND  ADMINISTRATION 

Program  Manager:  CALSTART 


During  this  quarter,  CALSTART  worked  with  DARPA  to  add  two  significant  new 
programs  to  this  contract.  The  Engine  Corporation  of  America  (ECA)  was  placed  under 
contract  to  develop  a  Heavy  Fuel  Injector  for  use  in  an  engine  that  could  be  used  as  an 
auxiliary  power  unit  in  a  hybrid  electric  vehicle  (HEV)  or  a  power  source  for  an 
unmanned  airborne  vehicle  (UAV).  In  the  same  contract  modification,  CALSTART  also 
developed  a  new  program  with  FEV  Engine  Technology  to  assess  various  engine  systems 
for  uses  in  HEVs  and  UAVs.  Among  the  engine  systems  to  be  analyzed  will  be  the  ECA 
engine. 

From  July  through  September  CALSTART  spent  a  considerable  amount  of  time  with 
DARPA  program  management  to  further  refine  and  develop  the  FY97  program,  as  well  as 
the  re-allocation  of  existing  RA94  funds.  On  July  15,  1997,  CALSTART’s  President  and 
CEO  Mike  and  Executive  Vice  President  met  with  DARPA’s  John  Gully  and  Robert 
Rosenfeld  in  Arlington,  VA  to  discuss  the  FY97  program  and  the  re-allocation  of  RA  94 
funds.  Final  agreement  was  reached  at  the  end  of  the  quarter  on  both  the  FY97  and  RA94 
programs  were  developed. 

In  anticipation  of  the  approval  of  FY97  funding,  the  project  team  for  the  General  Motors 
Advanced  Technology  Vehicle  (GM-ATV)  High  Power  Charging  System  met  at  the  GM- 
ATV  facility  in  Torrance  in  late  July  to  begin  discussions  on  the  project.  On  August  6, 
the  team  met  at  Southern  California  Edison’s  Whittier  Service  Center  in  Santa  Fe  Springs 
to  review  the  site  and  finalize  decisions  on  where  to  place  the  fast-charging  station. 
Compliance  with  the  Americans  with  Disabilities  Act  (ADA)  regulations  was  discussed. 
GM  ATV  informed  the  team  members  present  that  they  had  made  arrangements  to  ensure 
that  the  unit  was  ADA  compliant.  CALSTART  provided  information  on  the  kinds  of 
data  that  should  be  collected  and  reported  on  during  the  course  of  the  project.  Subsequent 
meetings  were  scheduled  for  subsequent  months. 
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PROGRAM  MANAGEMENT  AND  ADMINISTRATION 

Program  Manager:  CALSTART 


Milestones 

MATQH 

*'5;QTR-\' 

DATE  DUE 

COMPLETE 

DARPA 

BINDS 

EXPENDED 

94 

Program 

Management 

369,000 

369,000 

CS-AR94-08 

369,000 

0 

369,000 

95 

Program 

Management 

CALSTART 

203,394 

203,394 

CS-AR95-99 

203,394 

0 

203,394 

96 

Program 

Management 

CALSTART 

188,502 

116,983 

CS-AR96-10 

188,502 

0 

116,983 

Mod 

9 

Program 

Management 

CALSTART 

124,500 

49,500 

CS-AR97A-99 

124,500 

0 

49,500 

Mod 

11 

Program 

Management 

CALSTART 

50,000 

10,000 

CS-AR97A-99 

50,000 

0 

10,000 
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NAVAL  AIR  STATION  ALAMEDA:  PROJECT  HATCHERY  NORTH 

Project  Manager:  CALSTART 
CS-AR94-09A 


FINAL  REPORT:  CALSTART  Project  Hatchery  Alameda 

The  Final  Report  is  included  in  the  Appendix.  Highlights  are  given  below. 

1.  Introduction  The  objective  of  this  project  was  to  establish  a  self-financing  business 
incubator  for  advanced  transportation  technologies  at  NAS  Alameda.  Funding  was 
used  to  partially  defray  the  start-up  costs  of  Project  Hatchery  Alameda,  as  the 
incubator  is  called.  Specific  activities  funded  included: 

1)  Develop  a  business  plan 

2)  Identify  potential  sponsors  to  donate  resources  and  equipment 

3)  Market  incubator  and  recruit  start-up  businesses 

4)  Develop  service  provider  network  for  incubator  companies 

2.  Accomplishments  All  of  the  activities  identified  were  accomplished  within  schedule 
with  the  funds  provided  and  matching  funds  from  CALSTART. 

3.  Deviations  to  Plan  The  stated  objectives  were  achieved.  Deviations  to  the  originally 
proposed  plan  included  expansion  of  tasks  to  include  identification,  validation  and 
negotiation  with  Navy  and  Re-use  Authority  for  a  vehicle  test  track  accessible  from 
Hangar  20,  to  be  used  under  CALSTART  management  for  clean  fuel  vehicle  R,  D  & 
D.  Planning  and  execution  of  a  trial  Electric  Vehicle  Exposition  for  local  and 
regional  media  and  the  general  public  was  also  completed.  Results  were  positive: 
enough  to  warrant  proceeding  with  a  complete  International  EV  Expo  at  Alameda 
next  year,  intended  to  be  a  revenue  source  for  PHA  operation  as  is  the  test  track.  This 
also  fits  into  the  other  part  of  this  funding  package:  NAS  Cluster  Planning.  Additional 
detail  will  be  provided  in  that  final  report. 

4.  Projections  There  are  no  events  identified  that  will  negatively  affect  the  project  goal 
of  establishing  an  advanced  transportation  technology  business  incubator  at  the 
former  Alameda  NAS.  This  has  been  achieved.  The  alternatives  that  expanded 
project  scope:  test  track  and  Annual  Exposition,  have  already  been  identified.  These 
will  be  pursued  so  long  as  they  provide  additional  on-going  sources  of  revenue. 
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NAVAL  AIR  STATION  ALAMEDA:  PROJECT  HATCHERY  NORTH 
Project  Manager:  CALS  TAR  T 
CS-AR94-09A 


FINAL  REPORT:  CALSTART  Project  Hatchery  Alameda 

The  Final  Report  is  included  in  the  Appendix.  Highlights  are  given  below. 

5.  Financials  The  project  was  completed  within  a  budget  of  $150,000  in  DARPA- 
provided  funds  and  CALSTART-generated  matching  funds,  which  were  indicated  by 
financial  statements  to  be  slightly  over  $257,000.  No  additional  funding  was 
requested  or  received. 

6.  Conclusions  The  impact  of  this  project  has  occurred  in  two  distinct  areas:  1) 
Successful  implementation  of  the  first  civilian  re-use  of  the  closing  Alameda  NAS;  2) 
Support  for  the  start-up  and  growth  of  a  business  incubator  for  emerging  companies 
working  on  advanced  transportation  technologies  or  services.  Project  Hatchery 
Alameda  has  demonstrated  the  capacity  for  this  type  of  business  incubator  to  be  self¬ 
financing  at  certain  definable  levels  and  mixes  of  occupancy.  While  these  levels  have 
been  demonstrated  and  are  achievable,  two  cautionary  elements  have  been  identified: 

1)  the  apparent  requirement  for  a  sustainable  marketing,  recruitment,  and  screening 
plan  that  does  not  require  large  time  commitments  from  a  permanent  staff  of  1.5  FTE; 

2)  a  properly  functioning  technology  incubator  is  penalized  for  its  success  in  moving 
companies  into  the  marketplace  by  an  immediate  gap  in  cash  flow.  This  argues  for 
some  level  of  sustained  sponsorship  by  stakeholders  in  the  process  and,  in  over  a  year 
of  experience,  we  have  discovered  no  other  incubator  without  such  outside  support  to 
help  fill  the  cash  flow  gaps.  This  support  usually  comes  from  the  community,  or 
industry  segment,  which  benefits  from  the  positive  economic  impact  of  the  incubator 
tenants  and  “graduates”.  Project  Hatchery  Alameda  will  continue  at  least  through  the 
term  of  its  lease  with  the  U.S.  Navy  and  ARRA. 


COLSTHRT 


MILESTONES 

DARPA 

MATCH 

QTR 

DATE  DUE 

COMPLETE 

DARPA 

FUNDS 

EXPENDED 

Hatchery 

North 

150,000 

257,000 

150,000 

150,000 

257,000 

150,000 
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and  modifications  through  POOOll 
Quarterly  Report 
July  1  to  September  30, 1997 


NAVAL  AIR  STATION  ALAMEDA:  CLUSTER  PLANNING 
Project  Manager:  CALSTART 
CS-AR94-09B 


FINAL  REPORT:  NAS  Alameda  Cluster  Planning  (DARPA  RA94  Mod  3) 


The  Final  Report  is  included  in  the  Appendix.  Highlights  are  given  below. 

1.  Introduction  CALSTART  was  tasked  and  funded  to  plan  for  an  advanced 

transportation  business  cluster  at  NAS  Alameda.  The  specific  objectives  delineated 
for  CALSTART  in  this  program  were: 

1)  Work  with  other  organizations  to  develop  a  cluster  of  advanced 
transportation  (AT)  activities  at  the  Alameda  Naval  Air  Station. 

2)  Try  to  recruit  other  AT  firms  to  locate  at  the  NAS. 

3)  Encourage  Project  Hatchery  Alameda  (PH A)  firms  to  grow  and  expand  into 
their  own  facility  at  NAS  Alameda. 


2. 


Accomplishments  Specific  items  accomplished  under  this  program  are  recited  below 
in  response  to  the  task  statement.  They  include: 


1)  Assessment  and  identification  of  viable  office  and  industrial  facilities  at  the 
NAS. 

2)  Development  of  marketing  materials  and  purchase  of  necessary  equipment 

3)  Development  of  cluster  outreach  program 

4)  Identification  and  mobilization  of  additional  regional  resources 

5)  Create  strategic  partnerships 

6)  Facilitate  lease  arrangements  at  NAS 

7)  Integrate  effort  with  other  CALSTART  information  programs 


3.  Deviations  to  Plan  As  noted  in  Section  2,  the  specific  activities  have  been 

accomplished  or  addressed.  The  requirements  for  a  streamlined  leasing  and  facility 
re-use  process  have  been  identified  but  are  beyond  the  authority  of  CALSTART  to 
implement.  While  it  was  anticipated  that  our  experience  as  the  first  civilian  lessee  at 
NAS  would  create  a  template  for  future  use,  this  has  not  been  the  case. 
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NAVAL  AIR  STATION  ALAMEDA:  CLUSTER  PLANNING 
Project  Manager:  CALSTART 
CS-AR94-09B 


FINAL  REPORT:  NAS  Alameda  Cluster  Planning  (DARPA  RA94  Mod  3) 


CALSTRIIT 


4.  Projections  Events  that  can  affect  project  goals  are  not  primarily  technical. 

Problems  in  realizing  NAS  status  as  an  AT  hub  are  likely  to  be  based  in  perceptions 
by  the  business  community  or  slowness  to  react  positively  by  existing  agencies  and 
institutions.  The  economic  opportunity  message  has  been  broadcast  by  CALSTART. 
It  needs  to  be  carried  by  other  stakeholders  in  the  future.  Alternatively,  CALSTART 
could  be  funded  to  continue  the  work  that  it  has  been  doing  with  the  benefit  of  the 
valuable  experience  gained  to  date.  Initially,  ours  was  the  only  focused  base  re-use 
plan.  Other  plans  for  very  mixed  industrial  and  social  re-use  of  the  NAS  may  also 
dilute  the  impact  of  the  AT  center  message. 

5.  Financials  The  project  was  accomplished  within  budget.  The  grant  funding  enabled 
this  effort  to  happen.  An  industry  focus  for  base  re-use,  for  the  City  of  Alameda,  and 
for  the  East  Bay  region  would  not  have  happened  without  this  support.  This  project 
created  a  distinct  and  unique  identity,  both  with  the  agencies  identified  and  the 
general  public.  There  were  no  cost  overruns. 

6.  Conclusions  Funded  effort  on  this  project  has  been  completed.  Impact  of  the  project 
has  been  to  create  an  awareness  that  the  former  NAS  Alameda  is  being 
re-established  in  a  civilian  role  as  a  center  for  the  AT  industry.  It  appears  that 

the  first  positive  results  of  this  effort  will  be  in  the  form  of  transportation 
companies  that  are  outgrowing  the  PHA  incubator  and  being  retained  at  base 
locations.  CALSTART’s  facility  has  acted  as  a  magnet  for  at  least  20  firms  to 
locate  at  the  now  closed  base. 

Unless  there  is  a  funded  extension  of  the  CALSTART  effort,  the 
planning  for  an  AT  cluster  must  be  done  by  the  City  as  part  of  its  EV  Model 
City  Plan.  A  parallel  and  likely  scenario  is  the  steady  transition  of  start-ups 
through  PHA  to  commercialization,  given  an  operating  environment  that 
supports  retention  on-base. 

Reports  on  the  evolution  of  NAS  Alameda  towards  an  AT  technology  hub 
are  attached. 
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NAVAL  AIR  STATION  ALAMEDA:  CLUSTER  PLANNING 
Project  Manager:  CALSTART 
CS-AR94-09B 


FINAL  REPORT:  NAS  Alameda  Cluster  Planning  (DARPA  RA94  Mod  3) 


MILESTONES 

DARPA 

MATCH 

QTR 

DATE  DUE 

COMPLETE 

DARPA 

FUNDS 

EXPENDED 

CALSTART  NAS  Planning 

250,000 

250,000 

250,000 

0 

250,000 
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ELECTRIC  AND  HYBRID  ELECTRIC  VEHICLE 
DATA  ACQUISITION  SYSTEM 

Project  Manager:  CALSTART 
CS-AR94-12 

No  significant  developments  to  report  this  quarter.  The  following  is  the  status  of  the 
vehicles  for  which  we  hope  we  will  be  able  to  collect  data  from: 

AVS  Bus  w/Capstone  Turbine:  During  the  next  quarter  we  anticipate  having  more 
technical  data  from  Capstone  to  convey  to  DARPA. 

ISE  Hybrid  Electric  Prototype  Truck:  Not  yet  operational. 

UC  Davis  Hybrid  Electric  Vehicle  w/Moller  Rotary  Engine  as  APU:  Operational  but  still 
awaiting  delivery  of  Bolder  batteries. 

Amerigon’s  REVA:  See  Running  Chassis  n  section  and  final  report. 


MILESTONE 

>;  OARPA 

MATCH 

lilBlipyE 

COMPMETE 

DARPA  FUNDS 
EXPENDED 

1 

Feasibility  Study 

50,001 

9/30/95 

9/30/95 

16,271 

2 

Schematic  /housing 
for  keypad/display 

16,271 

12/31/95 

12/31/95 

9,957 

3 

Establish  Internet 
Connection 

20,608 

3/30/96 

2/96 

20,608 

4 

Hardware  Test 

Box  for 

Analog/digital 

boards 

54,077 

6/30/96 

5/96 

54,077 

5 

DC  Converter 
Schematics 

Build  Prototype. 

16,666 

9/30/96 

12/96 

21,700 

6 

Second  PCB 

Testing  CDAS  and 
Installation 

51,750 

12/31/96 

PCB-10/96 
Test  Begun 
11/96 

27,387 

7 

Testing 

3/30/97 

8 

Final  Report 

6/30/97 

TOTAL 

150,000 

0 

150,000 
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PROGRAM  TO  MINIMIZE  LOSSES  IN  MECHANICAL  BATTERIES  FOR 
ELECTRIC  VEHICLES 

Project  Manager:  AvcOfl 

CS-AR95-01 

During  the  quarter,  the  following  tasks  were  completed  successfully  by  Avcon: 

•  The  test  rig  was  fabricated  and  is  full  operational; 

•  The  standard  bearing  has  been  manufactured;  and 

•  The  optimized  bearing  has  also  been  designed  and  fabricated; 

The  completion  of  these  tasks  represents  the  completion  of  task  5,  6,  7  and  8  in  the 
statement  of  work. 

Avcon  designed  and  built  a  robust,  multipurpose  test-bed  for  the  purpose  of  testing  the 
CALSTART  magnetic  bearing  unit,  which  will  be  housed  in  a  large  concrete  structure  to 
provide  protection  during  high-speed  rotational  testing.  The  analysis  for  an  optimized 
bearing,  designed  to  minimize  eddy  current  losses,  resulted  in  a  design  that  required  only 
minimal  changes  from  the  standard  bearing.  This  design  utilizes  ferrous  slot  wedges 
between  stator  poles  to  eliminate  the  change  in  magnetic  field  that  the  rotor  sees  as  it 
rotates  under  a  slot.  The  optimized  bearing,  being  a  retrofit  of  the  standard  bearing,  only 
requires  the  slot  wedges  to  be  added  when  it  is  ready  for  testing.  The  slot  wedges  are 
fabricated,  so  effectively  the  bearing  is  fabricated. 


GOALS  FOR  NEXT  QUARTER 

Next  quarter,  the  test  rig  will  be  used  to  test  both  the  standard  and  the  optimized  bearing 
systems  in-house.  Avcon  plans  to  assemble  the  standard  bearing  into  the  test  rig  fixture 
early  in  the  next  quarter,  and  begin  testing.  The  ferrous  slot  wedges  will  be  incorporated 
into  the  existing  standard  design  with  no  need  to  disassemble  the  test  rig  or  make  a  new 
bearing.  The  resultant  flux  change  under  the  slot  should  be  virtually  eliminated,  thereby 
eliminating  the  losses  generated  by  these  changes.  These  activities  will  be  completed 
next  quarter,  completing  tasks  9  and  10  of  the  contract  agreement. 
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PROGRAM  TO  MINIMIZE  LOSSES  IN  MECHANICAL  BATTERIES  FOR 
ELECTRIC  VEHICLES 

Project  Manager:  Avcotl 

CS-AR95-01 


DARPA 

MATCH 

t>m  DAti 

MATCH 

FUNDS 

SXPFNDED 

DARPA 

FUNDS 

EXPENDED 

1 

1  Develop  Computer 
Model 

2  Begin  Rotordynamic 
Analysis 

3  Develop  Test  Plan 

4  Design  Test  Rig 

37,706 

37,706 

9/30/96 

9/30/96 

37,706 

37,706 

2 

Complete  Rotordynamic 
Analysis 

16,220 

16,220 

12/31/96 

12/31/96 

16,220 

16,220 

3 

Complete  Test  Plan 

5  Begin  Fabrication  of 
Test  Rig 

10,160 

8,470 

3/30/97 

3/30/97 

4 

Complete  Fabrication  of 
Test  Rig 

15,160 

8,600 

mo/97 

9/30/97 

31,226 

5 

6  Fabricate  Standard 
Bearings 

7  Design  Optimized 
Bearings 

8  Fabricate  Optimized 
Bearings 

12,182 

1  23,618 

9f30/91 

9  Test  Standard  Bearing 

10,124 

8,600 

12/31/97 

7 

10  Test  Optimized 
Bearing 

1 1  Iterate  Computer 
Model 

3,797 

12,800 

3/31/98 

8 

Final  Report 

21,000 

10,335 

6/30/98 

$126,349 

$126,349 

85,152 

53,926 
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FLYWHEEL  LIFECYCLE  TESTING 

Project  Manager:  U.S.  Flywheel  Systems 
CS-AR95-02 

During  USFS’s  internal  acceptance/check-out  testing  of  the  first  two  modules,  it  was 
determined  that  the  magnetic  bearings  were  not  producing  sufficient  force  for  the 
flywheel  to  operate.  Upon  disassembly,  tests  on  the  bearings  indicate  that  they  were  only 
producing  one-fourth  of  their  design  specification  force.  Two  re-worked  bearings  were 
received  that  did  not  meet  design  force  specifications.  All  bearings  were  returned  and  re¬ 
worked  bearings  received  and  still,  during  this  quarter,  bearings  received  did  not  deliver 
the  required  force. 

The  first  module  was  reassembled,  however  and  moved  to  the  spin  pit  to  allow  further 
completion  of  the  control  electronics  and  support  equipment.  This  module  is  capable  of 
spinning  to  ~18,000RPM  before  problems  occur.  The  2"^*,  3^*^,  and  4“’  modules  remain  on 
hold  pending  resolution  to  the  bearing  problem. 

Avcon  continues  to  work  on  the  bearings. 

The  DAS  systems  are  installed  and  working.  They  will  have  a  final  calibration  after  the 
flywheel  module  is  installed  in  the  test  chamber. 


MILESTONE  ■ 

llliiPA 

MATCH 

QTR 

DATE  DUE 

gHilLETE 

iiimrcH 

FUNDS 

EXPENDED 

DARPA 

FUNDS 

EXPENDED 

1 

Detail  plan 

900,000 

1 

7/7/96 

7/16/96 

2 

Fabricate  flywheels 

230,000 

300,000 

2 

9/7/96 

7/16/96 

1,129,267 

195,200 

3 

Design,  prog.  &  fabricate 
DAS 

90,000 

140,000 

3 

9/7/96 

12/2/96 

318,126 

171,057 

4 

Design/lnstall 
containment  chambers 

50,000 

80,000 

4 

9/7/96 

12/30/96 

s' 

Install  modules/check 
system 

60,000 

5 

10/7/96 

"6 

Cycle  tests/statistical 
analysis 

20,000 

80,000 

6 

3/7/97 

7 

Final  report 

10,000 

40,000 

7 

6/7/97 

_ 

400,000 

1,600,000 

1,447,393 

366,257 
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COMPACT,  RUGGED,  LOW  COST  CIRCUIT  BREAKERS  FOR  ELECTRIC 
AND  HYBRID  ELECTRIC  VEHICLES 
Project  Manager:  Coriolis  Corporation 
CS-AR95-03 


In  this  quarter,  Coriolis  and  Potomac  Electric  Power  Company  completed  the 
budget/milestones  for  the  project.  A  final  agreement  was  sent  for  signature  near  the  end 
of  the  quarter.  It  is  anticipated  that  the  project  agreement  will  be  signed  and  the  project 
will  be  active  in  the  next  quarter. 
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ALTURDYNE  ROTARY  ENGINE  APU  TRANSIT  BUS  DEMONSTRATION 

Project  Manager:  APS  Systems 

CS-AR95-04 

During  the  quarter,  APS  finished  fabrication  and  assembly  of  all  of  the  drive  systems  for 
the  bus.  The  Alturdyne  Auxiliary  Power  Unit  (APU)  was  subjected  to  substantial  bench 
testing  and  found  to  be  fully  functional.  APS  integrated  the  unit  into  the  bus  for  drive 
system  testing.  The  APU  performed  beyond  expectations  and  actually  produced  more 
power  than  originally  anticipated. 

However,  during  the  testing,  APS  found  that  the  APU  was  not  delivering  power  to  the 
batteries  or  motors.  After  extensive  troubleshooting,  the  problem  was  revealed  to  rest 
with  the  GE  Inverter.  The  inverter,  contrary  to  GE’s  assurances,  was  unable  to  handle  the 
high  frequency  power  from  the  APU.  APS  elected  to  replace  the  inverter  and  has  since 
been  testing  the  electric  drive  and  APU  components  separately.  All  of  the  components 
are  performing  to  expectations.  APS  expects  to  re-integrate  the  APU  with  the  electric 
drive  system  within  the  first  few  weeks  of  the  next  quarter,  at  which  point  the  bus  will  be 
fully  operational.  (Note:  As  of  the  writing  of  this  report  -  10/28/97  -,  the  inverter  had 
been  replaced  and  the  bus  was  fully  operational). 

CALSTART  conducted  several  site  visits  during  the  quarter  to  insure  that  the  project 
remained  on  schedule  to  the  extent  possible.  Visits  were  made  to  APS  in  late  July  and 
mid- August.  Another  visit  was  scheduled  pending  the  re-integration  of  the  APU  and 
electric  drive  system. 


' 

MILESTONES 

DARPA 

iiiiiiiiipiiis 

MATCH 

OTR; 

■ 

DATEWEi 

'  ’  - 

vCOMpy^^ 

^encL 

i' 

Alturdyne  bus 
demonstration 

65,000 

1 

65,000 

0 

0 
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SAFE  ELECTROMECHANICAL  BATTERIES  FOR  EVS 

Project  Manager:  Rocketdyne 
CS-AR95-05 


CeLSTflRT 


Rocketdyne  submitted  a  Final  Report  (without  invoice)  to  CALSTART  on  August  5, 
1997.  Following  the  burst  test  of  the  test  disk,  the  project  was  scheduled  to  finish  the 
installation,  checkout,  and  the  final  data  test  of  the  EMB  to  the  normal  operating  speed  of 
24,000  rpm.  The  available  funding  was  not  sufficient  for  the  completion  of  these  tasks 
and  was  used  in  preparation  of  the  final  report,  which  is  included  with  this  report. 
Rocketdyne  had  indicated  to  CALSTART  that  an  additional  $30,000  was  needed  to 
complete  the  program  as  originally  scheduled.  At  a  July  15,  1997  meeting  with  DARPA 
officials  Mr.  John  Gully  and  Dr.  Robert  Rosenfeld,  CALSTART’ s  John  Boesel  explained 
this  situation  and  conveyed  Rocketdyne’ s  request  for  additional  funds.  DARPA  indicated 
that  if  there  is  a  cost  overrun,  the  participating  organizations  usually  cover  the  additional 
costs  with  match  funds.  It  seemed  reasonable  to  DARPA  to  expect  that  a  firm  the  size  of 
Rocketdyne/Boeing  should  be  able  to  cover  such  costs  if  it  was  truly  committed  to  the 
product. 


1 

iWILESTONES 

DARPA 

MATCH 

QTR 

DATE  DUE 

COMPLETE 

MATCH 

EkpikDEO 

DARPA 

FUNDS 

EXPENDED 

D 

Containment  ring  design 

50,000 

552,000 

1 

12/31/96 

12/31/96 

552,000 

63,472 

I 

Containment  ring 
fabrication 

75,000 

77,000 

2 

3/30/97 

3/30/97 

77,000 

97,463 

U 

Assembly  checkout/test 

100,000 

77,000 

3 

6/30/97 

12,221 

4 

Final  report 

34,500 

4 

9/30/96 

259,500 

783,000 

629,000 

173,156 
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ADVANCED  HYBRID  RECONNAISSANCE  VEHICLES 

Project  Managers:  AeroVironment  and  Rod  Millen  Special  Vehicles 
CS-AR95-06A  and  B 

Completion  of  the  battery  pack  development  and  design  of  a  two-speed  transmission 
continue  to  be  on  hold.  At  the  end  of  the  quarter,  AeroVironment  began  work  to 
determine  the  availability  of  advanced  battery  modules  that  will  allow  testing  to  continue 
until  the  battery  pack  development  task  of  this  project  is  completed. 

Two-speed  transmission  design  work  is  on  hold  because  of  scheduling  conflicts  with  the 
JTEV  platform  for  other  DARPA  and  Marine  Corps  requirements.  The  current  schedule 
indicates  that  the  JTEV  will  return  from  demonstration  use  at  Caderock  in  mid-November 
1997.  At  that  time,  the  manual  transmission  will  be  installed.  Rod  Millen  Specialty 
Vehicles  (RMSV)  will  also  work  on  installation  of  its  advanced  semi-active  suspension  at 
that  time  to  limit  the  time  that  the  JTEV  is  inoperable. 

Because  there  has  no  progress  on  the  above-referenced  tasks,  the  scheduled  deliverable 
reports  will  be  delayed  until  the  end  of  March  1998. 
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ADVANCED  HYBRID  RECONNAISSANCE  VEHICLES 

Project  Managers:  AeroVironment  and  Rod  Millen  Special  Vehicles 
CS-AR95-06A  and  B 


MILESTONES 

DARPA 

MATCH 

OTR 

DATE  DUE 

COMPLETE 

MATCH  FUNDS 
expended 

ommmHm 

expended 

RMSV 

CS-AR95-06A 

1 

Initiate  work 

75,000 

1 

4/1/96 

4/3/96 

75,000 

2 

Suspension/ 
Differential  Dev 

60,287 

2 

4/30/96 

6/30/96 

13,881 

3 

Design  review 

60,287 

3 

6/30/96 

6/30/96 

59,688 

4 

Suspension  design 

60,287 

4 

9/30/96 

9/30/96 

75,894 

5 

Project  Report 

5 

12/31/96 

1/2/97 

60,071 

6 

Algorithm  dev. 

Final  report 

60,288 

6 

2/28/97 

31,615 

TOTAL 

316,149 

0 

316,149 

AeroVironment 

CS-AR95-06B 

1 

Battery  Mgmt  Final 
rpt 

Inverter  repkg  final 
Low  Acoustic  T rans 
rpt. 

Peripherais  rpt 

309,974 

53,972 

1 

9/31/96 

9/31/96 

53,972 

309,974 

2 

DC-DC  converter 
Design 

215,495 

37,520 

2 

12/31/96 

12/31/96 

37,520 

215,490 

3 

Final  Report 

58,385 

0 

3 

3/30/97 

TOTAL 

583,854 

91,492 

91,492 

525,464 
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PROPULSION  SYSTEM  FOR  ADVANCED  HYBRID  RECONNAISSANCE 
VEHICLES 

Project  Manager:  Rod  Millen  Special  Vehicles  and  AeroVironment 

CS-AR96-09A  and  B 

No  significant  milestones  were  accomplished  during  the  quarter.  Work  continues  on  the 
development  of  the  control  system  for  the  combined  active  damping  and  active  ride 
height  suspension  system  as  well  as  fabrication  of  the  active  damper  actuator  and  the 
active  ride  height  actuator.  However,  availability  of  the  JTEV  platform  continues  to  be 
an  issue.  Due  to  the  JTEV's  full  schedule  of  demonstrations  and  testing  this  fall,  an 
updated  work  schedule  for  the  active  damping  and  ride  height  suspension  system  project 
is  proposed  below.  In  this  schedule,  work  which  does  not  require  the  JTEV  to  be  in  the 
RMSV  shop  is  given  a  higher  priority  and  is  scheduled  earlier,  while  work  which  requires 
the  JTEV,  of  for  which  having  the  JTEV  accessible  would  be  useful,  is  scheduled  in 
1998. 


TASK 

COMPLETION  I)ATE 

%  COMPLETE 

Design  of  complete  suspension  control 
system 

September  1997 

100% 

Detail  Design  and  Fabrication  of 
Suspension  System  Hardware 

December  1997 

60% 

Testing 

March  1998 

20% 

Test  Platform  Support 

March  1998 

0% 

Analysis  and  Reporting 

Quarterly/March  1998 

30% 
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PROPULSION  SYSTEM  FOR  ADVANCED  HYBRID  RECONNAISSANCE 
VEHICLES 

Project  Manager:  Rod  Millen  Special  Vehicles  and  AeroVironment 
CS-AR96-09A  and  B 


MiLESTONiHS 

DARPA 

MATCH 

QTR 

DATE  DUE 

COMPLETE 

MATCH 

FUNDS 

lEXPENDED 

V  DARPA 
FUNDS  ; 
EXPENDED 

AeroVironment 

CS-AR96-09A 

1 

Initiate  Work 

69,282 

0 

12/31/96 

12/31/96 

68,424 

2 

Pack  Mechanical 
Design  Report 

72,727 

1 

3/30/97 

3 

Battery  Progress 
Report 

92,727 

2 

6/30/97 

4 

2  Speed  Trans  report 

74,066 

3 

9/30/97 

7 

Final  Report 

50,910 

4 

12/31/97 

359,712 

0 

68,424 

ROD  MILLEN 
CS-AR96-09B 

1 

Initiate  work 

38,614 

1 

9/30/96 

9/30/96 

38,614 

2 

Test  platform  support 

38,615 

2 

12/31/96 

12/31/96 

8,361 

3 

ADC  fabrication 

38,615 

3 

3/30/97 

6,000 

42,962 

4 

ADC  testing 

38,615 

10,000 

4 

6/30/97 

18,505 

5 

ADC  integrated  JTEV 

38,615 

10,000 

5 

9/30/97 

6 

Algorithms  refined 

38,615 

10,000 

6 

12/31/97 

7 

Test  complete/Final 
report 

38,615 

6,000 

7 

3/30/98 

270,304 

36,000 

6,000 

108,442 
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ROTARY  ENGINE  AUXILIARY  POWER  UNIT  DEMONSTRATION 
Project  Manager:  Aerobotics,  Inc.  a  division  of  Matter  International 
CS-AR95-07 

Moller  reports  that  Bolder  Battery  Incorporated  has  now  delayed  the  delivery  of  promised 
batteries  from  September,  1997  to  February  1998.  This  arrival  date  is  significantly  later 
than  originally  anticipated.  Other  batteries  are  currently  being  monitored,  regularly 
charged,  and  their  voltage  well  maintained. 


MILESTONES 

DARPA 

MATCH 

QTO 

DATE  DUE 

COMPLETE 

/MATCH 

FUNDS 

EXPENDED 

PARPA 

FUNDS 

EXPiPMhVn 

1 

Complete  design 

40,000 

108,320 

1 

3/6/96 

5/31/96 

112,793 

40,000 

2 

Order  batteries/tooling 

57,855 

2 

3/30/96 

5/31/96 

15,125 

53,162 

1 

Finish  block  fabrication 

25,000 

3 

5/15/96 

12/30/96 

6,188 

38,490 

1 

n 

Receive/Evaluate  Geo 
Metro 

16,495 

4 

8/16/96 

8/25/96 

23,531 

46,201 

1 

Drivetrain/Engine 

Installation 

37,500 

37,500 

5 

'  10/4/96 

12/96 

30,000 

22,489 

23,492 

15,000 

6 

12/15/96 

3/30/97 

B 

■■1 

32,013 

10,000 

7 

2/4/97 

U 

— _ _ 1 

232,355 

217,320 

187,6387 

200,342 
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QUICK  CHARGING  SYSTEM  WITH  FLYWHEEL  ENERGY  STORAGE 

Project  Manager:  Trinity  Flywheel  Battery 
CS-AR96-01 


During  this  quarter,  one  problem  arose  when  Trinity  Flywheel  Battery  (Trinity)  learned  of 
the  announced  closure  by  Pacific  Gas  &  Electric  Corporation  (PG&E)  of  the  Modular 
Generation  and  Test  Facility  (MGTF). 

complete  the  test  of  the  rapid  charger  system 
(RCS)  at  their  site.  With  that  site  closed,  Trinity  must  now  look  for  an  alternate  suitable 
ocation.  Trinity  determined  that  specifications  depend  significantly  on  site  and 
operational  requirements  of  the  charging  station.  Trinity  is  having  the  RCS  concurrently 
engineered,  mitigating  its  dependence  on  site  and  operational  requirements  to  the  extent 


The  line  interface  unit  (LIU)  is  being  developed  by  Trace  Engineering,  while  the  flywheel 
interface  unit  (FIU)  is  being  built  by  SL  Montevideo  Technology  Inc  Trace  and 
Montevideo  developed  the  LIU  and  FIU  to  allow  a  variety  of  operating  modes  including 
pulled  and  non-pulsed  charging  and  power  flow  balancing  between  the  flywheel  and  the 


Trinity  has  begun  drive  and  control  testing  of  the  flywheel  motor/generator  (FMG)  The 
team  has  achieved  high  speed  operation  (39,000  RPM)  and  high  power  discharge  (~50 
).  addition,  Trinity  has  demonstrated  system  controls,  safety  monitoring  and 


Trinity  has  also  completed  an  internal  review  and  established  and  submitted  a  preliminary 

test  plan.  The  team  has  reviewed  the  FIU,  LIU  and  FMG.  Trinity  has  completed  design 
Of  the  system,  major  subsystem  and  components.  They  have  created  detailed  drawings 
and  released  most  for  fabrication. 


CALSTART  continued  to  monitor  Trinity’s  progress  throughout  the  quarter  and  met  with 
representatives  from  Trinity  to  discuss  the  project  and  make  sure  it  was  remaining  on 
schedule.  Trinity  presented  information  to  the  CALSTART  technical  advisory  committee 
on  a  related  flywheel  project  and  the  technology  in  general. 
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QUICK  CHARGING  SYSTEM  WITH  FLYWHEEL  ENERGY  STORAGE 

Project  Manager:  Trinity  Flywheel  Battery 
CS-AR96-01 

ACTIVITIES  PLANNED  FOR  NEXT  QUARTER 

Trinity  plans  to  develop  the  RCS  specification  once  a  new  test  site  is  firmly  defined  by 
PG&E.  It  is  possible  that  PG&E  may  be  able  to  lease  its  test  facility  for  the  purpose  of 
allowing  Trinity  to  complete  its  testing  related  to  this  program.  The  system  performance 
and  specification  report  is  also  scheduled  for  completion  next  quarter.  In  addition,  Trinity 
will  demonstrate  bi-directional  power  flow  management  consistent  with  the  LIU  interface 
requirements.  The  Intermediate  design  review  also  will  be  completed  next  quarter,  as 
will  the  test  program  review  and  design  review.  The  engineering  drawings  will  be 
completed  next  quarter  and  the  documentation  will  be  assembled  for  the  design  review. 
Trinity  plans  to  complete  the  assembly  drawings  that  are  not  critical  to  fabrication  and 
component  delivery  next  quarter  as  well.  Manufacturing  and  testing  the  system  is 
contingent  upon  completion  of  the  engineering  design,  which  should  be  completed  by  the 
end  of  next  quarter. 

DEVIATIONS  TO  PLAN 

Trinity  continues  to  recover  schedule  and  remain  under  budget.  The  progress  is  expected 
to  continue  next  quarter  and  the  project  should  be  back  on  schedule  by  the  end  of  the 
quarter. 


MILESTONES 

DARPA 

MATCH 

QTR 

DATE  DUE 

COMPfJETE 

iiiiliiiiiiiilMi 

. 

MATCH 

FUNDS 

EXPENDED 

S  FUNDS 

expended 

0 

Initiate  work 

64,085 

7,200 

1/30/97 

1/30/97' 

7,200 

64,085 

1 

Flywheel/I  nterface/FESS/ 
LIU  Specifications 

119,298 

45,600 

1 

3/30/97 

3/30/97 

45,600 

2 

Design  review/initial 
testing 

116,791 

88,400 

2 

6/30/97 

6/30/97 

48,21 1 

3 

Manufacture/Phase  1 
testing 

37,895 

320,146 

3 

9/30/97 

4 

Installation 

drawings/program  review 

137,618 

28,800 

4 

12/31/97 

5 

Integration  and  initial 
check-out 

33,900 

5 

3/30/98 

6 

Final  report 

77,401 

32,550 

6 

6/30/98 

TOTALS 

553,088 

556,596 

101,011 

64,085 
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ENVIRONMENTAL  CONTROL  SYSTEM  FOR  ELECTRIC  AND  HYBRID 
VEHICLES 

Project  Manager:  Glacier  Bay 
CS-AR96-02A 

The  project  is  currently  four  weeks  behind  schedule.  Design  and  integration  of  the 
heating  option  should  have  been  completed,  but  will  not  be  done  until  early  November. 
Bench  testing  of  the  heating  option  will  also  be  performed  by  Glacier  Bay  in  early 
November. 

Testing  of  the  air  conditioning  unit  was  performed  in  Florida  (see  CS-AR96-02B,  below). 


MILESTONES 

DARPA 

MATCH 

QTR 

DATE  DUE 

COMPLETE 

MATCH 

FUNDS 

EXPENDED 

■DMiii 

FUNDS 

EXPENDED 

Glacier  Bay  and  Evermont 
CS-AR96-02  AC 

DEV/TEST 

1 

Preliminary  Design 

20,000 

10/25/96 

10/25/96 

20,000 

2 

Design  of  Major 

Components 

34,573 

44,113 

1 

12/31/96 

12/31/96 

44,113 

34,573 

3 

Production  of  Major 
Components.  Prototype 
Bench  Testing  and 
Production  Drawings 

55,000 

60,000 

2 

3/31/97 

60,000 

53,076 

¥ 

Final  System  Assembly 
Testing  of  ACS  on  PIVCO  in 
Calif  and  Evermont  Vehicle 
in  Florida  and  Georgia 

50,000 

45,000 

3 

6/30/97 

30,480 

"4 

Design,  Production, 
Performance  Testing  of 
Fossil  Fueled  Option 

17,000 

21,000 

4 

9/30/97 

42,51 1 

"5 

Installation  and  testing  of 
fossil  fueled  option 

35,000 

8,000 

5 

12/31/97 

Final  report 

23,427 

1 1 ,887 

6 

3/31/98 

TOTAL 

150,000 

140,000 

177,104 

107,649 
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COOPERATIVE  TESTING 

Project  Manager:  Glacier  Bay  with  EVermont 

Due  to  problems  with  the  test  vehicle,  testing  of  the  air  conditioning  unit  in  Florida  was 
limited  to  one  day.  The  testing  that  was  completed  showed  that  the  Glacier  Bay  system 
gave  performance  equal  to  that  of  the  factory  system  operating  at  freeway  speeds  and  that 
the  Glacier  Bay  system  actually  outperformed  the  factory  system  in  "stop  and  go"  traffic 
conditions. 

The  air  conditioning  unit  was  installed  by  Glacier  Bay  on  the  EVermont  Solectria  at 
Glacier  Bay's  facilities  in  Northern  California.  Following  installation  and  initial  testing, 
the  vehicle  was  shipped  to  Florida  for  testing  by  the  Florida  Solar  Power  Research 
Institute.  Upon  arrival  in  Florida,  the  Solectria  was  found  to  have  an  irreversibly 
discharged  battery  pack.  This  necessitated  that  Glacier  Bay  personnel  go  to  Florida  to 
remove  the  air  conditioning  system  in  order  for  the  battery  pack  to  be  replaced. 

Following  replacement  of  the  battery  pack,  a  single  day  of  testing  was  completed. 
However,  problems  with  the  vehicle's  on-board  charger  resulted  in  no  additional  test 
days.  The  Glacier  Bay  system  was  removed  from  the  vehicle  and  shipped  back  to 
Northern  California. 

A  more  detailed  review  of  the  data  gathered  by  Florida  Solar  Power  Research  Institute 
will  be  included  in  next  quarter's  report.  The  data  is  currently  being  complied  and 
analyzed.  Initial  testing  of  the  vehicle  at  Glacier  Bay's  Northern  California  facilities 
indicated  that  the  vent  air  temperature  dropped  from  94.2  degrees  Fahrenheit  to  50.2 
degrees  Fahrenheit  in  127  seconds.  Elapsed  time  temperature  readings  from  this  test  are 
detailed  below: 


•  Starting  Temperature: 

•  14  seconds  elapsed  time: 

•  28  seconds  elapsed  time: 

•  61  seconds  elapsed  time: 

•  127  seconds  elapsed  time: 


94.2  degrees 

80.3  degrees 
70.0  degrees 
60.0  degrees 
50.2  degrees 


Glacier  Bay  plans  to  work  with  EVermont  during  the  next  quarter  to  develop  a  detailed 
testing  protocol  for  the  heating  option. 
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and  modifications  through  POOOll 
Quarterly  Report 

July  1  to  September  30, 1997 


E/HEV  MANUFACTURABILITY  ASSISTANCE  PROGRAM 

Project  Manager:  CALSTART 
CS-AR96-04 


duty  vehicle  indusfy 

analysis.  C/^TART  is  awaiung  DARPA's  decision  on  the  proposed  replacement  No 
wo*  on  the  EfflEV  Manufacturability  Assistance  Program  was  ^rfoimed  during  this 
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HYBRID-ELECTRIC  PROTOTYPE  TRUCK  (HEPT)  PROJECT 

Project  Manager:  ISE  Research 
CS-AR96-05 

ISE  Research  (ISER)  continued  to  make  progress  on  the  truck  through  the  quarter.  They 
accomplished  several  of  the  tasks  set  forth  in  the  contract. 

ISE  began  work  on  a  supplementary  $350,000  contract  from  the  California  Air  Resources 
Board  (CARB),  which  is  funding  a  second  prototype  HEPT  truck.  ISER  completed  the 
auxiliary  power  unit  (APU)  for  the  DARPA  funded  truck  (truck  1)  and  integrated  a  75 
kW  Fisher  alternator-generator  with  the  General  Motors  V6  engine  installed  last  quarter. 
ISER  and  subcontractor  United  Defense,  LP  (UDLP)  completed  the  design  of  the 
advanced  AC  motor  which  will  be  used  in  both  HEPT  vehicles. 

ISER  also  ordered  all  the  major  components  for  the  AC  motor  in  the  vehicles.  In 
addition,  ISER  and  Siemens  initiated  a  collaborative  R&D  project  to  develop  a  low-cost 
modular  motor  controller  concept  based  on  Siemens’  line  of  industrial  motor  controllers. 
An  in-depth  trade  study  addressing  design  and  installation  of  electrically  driven 
accessories  was  performed  as  well. 

A  major  HEPT  status  meeting  was  held  with  the  Kenworth  Truck  Company  at 
Kenworth’s  Seattle-area  facilities.  ISER  also  completed  its  first  heavy-duty  electric 
vehicle,  an  airport  tow  tractor  for  United  Airlines,  verifying  certain  key  aspects  of  the 
high-voltage  electric  energy  storage  subsystem.  ISER  also  completed  the  Preliminary 
Design  Review  for  its  “Hybrid-Electric  Tow  Tractor”  contract  with  the  U.S.  Air  Force. 
ISER  updated  its  corporate  business  plan  and  began  negotiating  with  Florida-based 
Corporate  Builders,  LP  for  assistance  in  securing  investor  financing  for 
commercialization  of  all  of  its  HEPT  technologies. 
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HYBRID-ELECTRIC  PROTOTYPE  TRUCK  (KEPT)  PROJECT 

Project  Manager:  ISE  Research 
CS-AR96-05 


MILESTONES 

DARPA 

MATCH 

QTB 

DATE  DUE 

COMPLETE 

MATCH/ 

FUNDS 

EXPENDED 

DARPA 

FUl^dS 

EXPENDED 

1 

Drive  system  design 
approved.  System 
controller  design  compete 

30,000 

96,700 

1 

1/16/97 

1/16/97 

95,443 

30,006 

2 

System  controller  modules 
design.  APU/genset 
inteqrated/tested 

35,000 

100,000 

2 

4/10/97 

3/30/97 

162,333 

35,000 

3 

Vehicle  integration  plan 
complete 

35,000 

75,000 

3 

7/10/97 

3/30/97 

20,000 

4 

Major  components 
integrated 

30,000 

50,000 

4 

10/10/97 

15,000 

■5 

Vehicle  fully 

integrated/testing  initiated 

30,000 

75,000 

5 

1/10/98 

e" 

Phase  1  Operational  testing 
complete 

30,000 

50,000 

6 

4/10/98 

7 

Commercialization  plan 
initiated 

30,000 

25,000 

7 

7/10/98 

¥ 

Phase  2  testing 
Complete/Business  plan 
approved 

5,000 

25,000 

8 

10/10/98 

¥ 

Final  report 

25,000 

9 

1/10/99 

250,000 

496,700 

257,776 

100,000 
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ELECTRIC  VEHICLE  LONG  RANGE  EXTENDING  GENERATOR 

Project  Manager:  AC  Propulsion 
CS-AR96-06 


AC  Propulsion  is  nearing  completion  of  this  project  and  anticipates  presenting  their  final 
report  in  the  next  quarter. 

During  this  quarter,  AC  Propulsion  completed  the  design  work  on  the  alternator, 
including  changes  to  the  housing,  end-plates  and  bearings  to  accommodate  the  belt-drive 
configuration.  Other  completed  design  work  includes  the  control  system  design  and 
packaging  layout,  and  a  belt-drive  using  a  30mm-wide,  8mm-pitch  drive-belt  and 
commercially  available  drive-belt  pulleys. 

The  shaft-mounted  fan  design  was  successfully  tested  for  air  flow  and  efficiency.  The 
control  strategy  was  simplified  by  allowing  alternator  output  to  be  directly  controlled  by 
alternator  speed,  eliminating  switched  capacitors.  The  steep  slope  of  the  alternator 
output/speed  curve  allows  full  control  of  output  over  a  very  narrow  speed  range  so  output 
regulation  can  be  achieved  with  closed-loop  control  of  operating  speed. 

Construction  of  the  alternator  and  control  system  prototypes  was  completed  in  August.  In 
September,  the  prototype  charging  system  successfully  tested  in  a  series  of  dynomometer 
tests  of  output,  efficiency,  operating  temperature  over-voltage  and  over-current 
protections.  The  target  output  of  20  kW  was  achieved  with  efficiency  at  90-91%. 

The  AC-Propulsion  alternator  -  Moller  engine  power  system  has  been  mounted  to  a  test 
stand  and  instrumented  for  monitoring  and  collection  of  operational  data.  The  engine 
control  system  has  proven  to  be  incompatible  with  the  alternator  control  system  due  to  the 
rapid  transients  required  for  automatic  alternator  output  control.  The  Moller  fuel  system 
could  not  track  rapid  throttle  excursions  so  manual  control  had  to  be  used  for  all  tests  of 
the  charging  system. 

At  the  specified  engine  speed  of  5,000  rpm,  maximum  electrical  output  of  14.5  kW  was 
produced  at  wide-open-throttle.  Discussions  with  Moller  indicated  that  higher  output 
could  be  achieved  at  higher  rpm,  although  rotor  tip  seal  life  deteriorates  as  speed 
increases.  At  maximum  output,  engine  temperature  control  required  a  large  auxiliary  air 
blower  to  augment  the  flow  of  the  integral  engine  cooling  fan. 
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ELECTRIC  VEHICLE  LONG  RANGE  EXTENDING  GENERATOR 
Project  Manager:  AC  Propulsion 
CS-AR96-06 

Fuel  consumption  at  maximum  output  was  0.8kg/kWh,  which  is  high  for  this  type  of 
application.  Adjustment  to  the  throttle  control  linkage  provided  only  limited  authority 
over  air-fuel  ratio.  Output  from  the  02  sensor  indicated  that  the  fuel  mixture  was  near 
stoichiometry.  Exhaust  pressure  was  1.5  psi. 

AC  Propulsion  is  looking  forward  to  the  DARPA  review  on  November  4,  1997  in 
Sacramento,  California  as  they  bring  this  project  to  a  close. 


MILESTONES 

|i^ 

MATCH 

QTR 

iJMVTEOUE 

1 

1 

MATCH  FUNDS 

expended 

DARPA  FUNDS 
EXPENDED 

1 

Design  study 
complete 

51,000 

57,000 

1 

1/10/97 

1/10/97 

52,211 

51,000 

2 

Prototype  charging 
system  constructed 

72,000 

53,000 

2 

4/10/97 

3/30/97 

46,600 

72,000 

3 

Moller  engine 
delivered 

22,000 

25,000 

3 

7/10/97 

8/30/97 

30,000 

Integration  complete 

8,000 

1 1 ,000 

4 

10/10/97 

9/30/97 

5 

Testing  complete 

8,000 

15,000 

5 

1/10/98 

6 

Final  report 

9,000 

9,000 

6 

4/10/98 

TOTALS 

170,000 

170,000 

98,811 

153,000 
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ENGINEERING  IMPROVEMENTS  FOR  PURPOSE-BUILT  EV 

Project  Manager:  PIVCO 
CS-AR96-07 

There  is  no  change  from  last  quarter.  The  contract  is  not  yet  in  place  with  PIVCO.  A 
new  statement  of  work  and  milestone  chart  needs  to  be  submitted  prior  to  finalizing 
contract. 
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DISTRIBUTED  ENERGY  MANAGEMENT  SYSTEM  (DEMS)  DEVELOPMENT 
AND  DEMONSTRATION 

Project  Manager:  Hughes  Technical  Services  Center 
CS-AR96-08  and  CS-AR94-04 

Complete  installation  and  testing  of  the  multi-controller  (CC137)  system  on  three  Greater 
Richmond  Transit  buses  is  suspended  indefinitely  because  of  a  brake  safety  violation  on 
the  Blue  Bird  buses.  Blue  Bird  is  redesigning  the  brake  system  and  expects  the  buses  to 
be  operational  by  January  1998.  Installation  and  testing  work  will  resume  at  that  time. 

Conversion  of  the  CC200  DEMS  battery  module  to  a  68HC705JP7  micro-controller, 
which  is  lower  in  cost  than  the  68HC05C8,  has  been  completed.  However,  testing  of  the 
DEMS  battery  module  communications  software  has  revealed  a  software  throughput 
problem  with  the  micro-controller.  A  new  micro-controller  with  a  SCI  bus  has  been 
incorporated  into  the  DEMS  battery  module  and  board  layout  is  in  progress.  However, 
these  changes  have  resulted  in  an  estimated  10  week  delay  in  completion  of  the  DEMS 
and  subsequent  testing.  Also,  design  changes  that  resulted  in  changes  to  the  competitive 
bid  process  for  fabrication  of  the  CC200  DEMS  central  controller  have  resulted  in 
additional  delays. 

Current  and  past  delays  in  the  project  result  in  a  total  delay  of  16  weeks  from  the  original 
expected  completion  date.  Hughes  does  not  anticipate  being  able  to  make  up  this  delay. 

During  the  next  quarter,  Hughes  expects  to: 

•  Complete  DEMS  battery  module  redesign,  fabrication  and  test  of  prototype  unit; 

•  Complete  CC200  DEMS  battery  module  communication  software  design  and  test; 

•  Complete  DEMS  battery  module  control  software  and  test; 

•  Complete  DEMS  central  controller  and  battery  module  communication  software  test 
system; 

•  Fabricate  DEMS  CC200  central  controllers; 

•  Fabricate  prototype  DEMS  modules;  and 

•  Begin  DEMS  central  controller  control  algorithm  software  design. 
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DISTRTOUTED  ENERGY  MANAGEMENT  SYSTEM  (DEMS)  DEVELOPMENT 
AND  DEMONSTRATION 

Project  Manager:  Hughes  Technical  Services  Center 
CS-AR96-08  and  CS-AR94-04 


MILESTONES 
CS-AR84-04  /  ' 

DARPA 

MATCH- 

OTR 

;  DAHE  DUE 

COMPLETE 

MATCH 

FUNDS 

EXPENDED 

DARPA 

FUNDS 

EXPENDED 

1 

Requirements  defined. 
Concept  for  controller 
hardware  defined 

30,000 

50,000 

1 

6/30/96 

6/30/96 

281,022 

2 

Software  defined  and 
programmed. 

30,000 

50,000 

2 

9/30/96 

9/30/96 

150,979 

3 

Design/Implementation  of 
multiple  pack  system 
controller 

70,000 

370,000 

3 

12/31/96 

12/31/96 

15,474 

"4 

Software  installed  on 
25kW  Inductive 
Opportunity  Charge 
system. 

50,000 

15,000 

4 

3/30/97 

3/30/97 

146,051 

"5 

Bluebird  buses  equipped 
Field  data  acquired 

DEMS  upgrade  concept 
complete/controller  built 

70,000 

5 

6/30/97 

250,000 

485,000 

593,526 

0 

uMiySSTONES 
';V:  , -  ^(^Aiwe4)8 

DARPA 

MATCH 

OTR 

DATE  DUE 

COMPLETE 

MATCH 

FUNDS 

EXPENDED 

DARPA 

FUNDS 

EXPENDED 

5 

Bluebird  buses  equipped 
Field  data  acquired 

DEMS  upgrade  concept 
complete/controller  built 

200,000 

108,000 

5 

6/30/97 

"6 

Final  report. 

50,000 

15,000 

6 

9/30/97 

250,000 

123,000 
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ASSESSMENT  OF  ADVANCED  ENGINE  TECHNOLOGIES  FOR  UAV  AND 
HEV  APPLICATIONS 

Project  Manager:  FEV  Engine  Technology 
CS-AR97A-02 

During  this  quarter,  FEV  continued  the  assessment  of  advanced  engine  technologies 
(highly  boosted  conventional  2-  and  4-stroke  engines)  for  unmanned  air  vehicle  (UAV) 
and  hybrid  electric  vehicle  (HEV)  applications.  FEV  also  began  the  process  of  assessing 
the  Engine  Corporation  of  America  (ECA)  Thermal  Electric  Compound  Engine  (TECE) 
with  respect  to  the  thermodynamic  and  mechanical  claims. 

Testing  of  a  4-cylinder,  4-stroke,  1.9  liter  automotive  diesel  engine  with  special  variable 
geometry  turbocharger  indicates  the  power  is  currently  limited  by  2- valve  design, 
turbocharger  performance  and  the  fuel  injection  system.  Additional  power  is  possible 
with  a  4-valve  cylinder  head  design.  The  current  weight  of  220  pounds  could  be 
significantly  reduced  with  an  aluminum  block,  air  cooling  and  other  aircraft-type  features. 
Fuel  consumption  was  0.37  pounds  per  horsepower  hour  at  2,500  revolutions  per  minute 
(rpm)  and  two-thirds  power. 

Testing  of  a  1 -cylinder,  4-valve,  uniflow-scavenged  2-stroke  engine  for  UAV  applications 
is  underway.  Initial  tests  demonstrate  that  greater  than  160  horsepower  would  be 
available  from  a  1.9  liter  engine.  The  engine  is  currently  limited  to  3,000  rpm 
due  to  the  fuel  injection  system,  but  higher  power  is  possible  with  an  improved  fuel 
injection  system.  Fuel  consumption  cannot  be  directly  compared  due  to  much  higher 
relative  friction  for  a  1 -cylinder  engine  compared  to  multi-cylinder  engines.  However, 
generally  the  fuel  consumption  will  be  higher  compared  to  the  4-stroke  engine  at  an  equal 
power  level. 

Thermodynamic  assessment  of  the  TECE  engine  was  done  with  the  FEV  cycle  simulation 
tool  EPOS.  The  assessment  was  performed  in  two  steps: 

1.  An  initial  optimization  of  the  gas  exchange  process  was  conducted. 

2.  High  combustion  pressure  cycle  simulations  were  conducted. 
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ASSESSMENT  OF  ADVANCED  ENGINE  TECHNOLOGIES  FOR  UAV  AND 
HEV  APPLICATIONS 

Project  Manager:  FEV  Engine  Technology 
CS-AR97A-02 


Preliminary  scavenging  and  combustion  analyses  suggest  that  thermal  efficiencies  of  50 
percent  may  be  possible  from  1.0  liter  displacement,  depending  upon  actual  volumetric 
efficiency,  turbocharger  efficiency  and  friction  levels  of  the  TECE  multi-cylinder  engine. 
Analyses  also  suggest  that  the  practical  limit  of  cylinder  firing  pressure,  with  respect  to 
increasing  engine  efficiency,  may  be  lower  than  ECA  originally  estimated.  The  ability  of 
piston  and  connecting  rod  design  to  prevent  high  side  forces  and  high  friction  appears 
promising  but  needs  to  be  evaluated  further,  and  several  questions  remain  regarding  a  fuel 
injection  system  for  use  with  such  high  cylinder  pressures  found  in  the  TECE. 


MILESTONES 

DARPA 

MATCH 

QTR 

DATE  DUE 

DATE 

COMPLETE 

MATCH 

FUNDS 

EXPENDED 

>  DARPA 

F  FUNDS 
^PENDED  ^ 

1 

TECE  Thermo/Mech 
Assessment 

50,000 

50,000 

1 

9/30/97 

2 

2/4  Stroke  Concept 
Assessment 

250,000 

470,000 

2 

12/30/97 

"3 

2.4  Stroke  Demo. 

Final  Report 

700,000 

480,000 

3 

3/30/98 

TOTAL 

1,000,000 

1,000,000 
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Engine  Technology 


Figure  1 . 1 .2  -  2 
Comparison  of  TECE  to  Conventional  Engine 
Cylinder  Volume  versus  Crankangle 


Engine  Technology 


Figure  1.1.2 -3 

Layout  of  the  TECH  and  Timing  of  the  Rotary  Valve 
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Figure  1.1.2 -4 

In-cylinder  Pressure  and  Mass  Flow  versus  Crank  Angle  for  TECE 


Figure  1.1.2 -5 
Effect  on  Overall  Volumetric  Efficiency 
through  Variation  of  Rotary  Valve  Timing 


Engine  Technology 


Figure  1.1.2 -6 

Effects  of  Optimization  of  the  First  Intake/Exhaust  Switch 

on  Cylinder  Pressure  and  Mass  Flow 
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Figure  1.1.2 -7 
Effects  on  Volumetric  Efficiency  due  to 
Variation  of  Second  Switch  -  12.1  bar 
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Figure  1.1.2 -8 
Effects  on  Volumetric  Efficiency  due  to 
Variation  of  Second  Switch  -  16.7  bar 
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Figure  1 . 1 .2  -  9 
Boundary  Conditions  for  Evaluation  of 
Potential  ISFC  and  Power 


Engine  Technology 


Figure  1.1.2-10 
ISFC  versus  Combustion  Induced  Pressure  Rise 


ISFC  versus  Maximum  Cylinder  Pressure 


Engine  Technology 


Figure  1.1.2-12 
Influence  of  Combustion  Duration  on  ISFC 
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Figure  1.2.1  -  1 
Analysis  of  Friction  for  the  TECE  Crankshaft 
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Figure  1.2.1 -2 
Analysis  of  Friction  for  Piston  Group 
and  Connecting  Rod  Bearings 
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Figure  1.2.1  -  3 
Analysis  of  Friction  for  Crank  Train 
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Figure  1.2.1 -4 
Analysis  of  Friction  for  Valve  Train 
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Figure  1.2.1 -5 
Analysis  of  Friction  for  Oil  Circulation  Circuit 
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Figure  1.2.1  -  6 
Analysis  of  Friction  for  Loaded  Water  Pump 
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Figure  1.2.1 -7 
Analysis  of  Friction  for  Unloaded  Generator 
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Figure  1.2.1 -8 
Analysis  of  Friction  of  the  Complete  TECE 
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Figure  2.1.1  -  1 

Comparison  of  Power  Requirements  versus  Engine  Speed 
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Figure  2.1.1  -  2 
Two  Variations  for  Piston  Bowl  Designs 


Figure  2.1.1  -  4 
Influence  of  Injection  System  Operation 
on  Various  Engine  Paramenters 
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Figure  2.1.1  -  5 
Influence  of  Injection  System  Operation 
on  Various  Engine  Paramenters 
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Figure  2,1.1  -  6 
Cylinder  Pressure  Curve  for 
2  Stroke  DI  Diesel  Engine 


Figure  2.1.2  -  1 
Modeling  of  the  2  Stroke  DI  Diesel  Engine 
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Figure  2.2.1  -  1 

Piston  Bowl  Geometry  for  Four  Stroke,  2- Valve  Engine 


Figure  2.2. 1-2 
Test  Bench  Stup  For  Four  Stoke  Engine 
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Figure  2.2.1  -  4 
Influence  of  Injection  Timing  and  Boost 


BOI  and  Boost  pressure  inital  setup 
BOI  and  Boost  pressure  optimizied 


Figure  2.2.1  -  5 
Influence  of  Injection  Timing  and  Boost 


and  Boost  pressure  inital  setup 
and  Boost  pressure  optimizied 


Figure  2.2.1  -  6 
Influence  of  Injection  Timing  and  Boost 


BOI  and  Boost  pressure  inital  setup 
BOI  and  Boost  pressure  optimizied 


Figure  2.2.1  -  9 
Comparison  of  the  VNT  15  versus  the  VNT  20 
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TC:  VNT  20  BOI  and  Boost  pressure  optimizied 


Figure  2.2.1  -  10 
Comparison  of  the  VNT  15  versus  the  VNT  20 
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TC: VNT  15 

TC:  VNT  20  BOI  and  Boost  pressure  optimizied 


Figure  2.2.2  -  1 
Automotive  Diesel  Engine  with  2  Valves  and 
Variable  Nozzle  Turbocharger  GTI-Calculation  Model 


Intake  Ambient 


Figure  2.2.2  -  2 

Maps  for  Variable  Nozzle  Turbine  for  Different  Load  Points 


Figure  2.2.2  -  3 

Maps  for  Variable  Nozzle  Turbine  for  Different  Load  Points 
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HEAVY  FUEL  INJECTOR 


Project  Manager:  Engine  Corporation  of  America 
CS-AR97A-03 


The  Engine  Corporation  of  America  (ECA)  final  report  for  this  project  is  included  as  an 
attachment  to  this  report.  In  this  brief  project,  overall  engine  designs  were  produced  for 
ECA’s  1 .0  liter  opposed  piston  engine  and  the  0.5  liter  half-engine  variant.  ECA 
fabricated  plastic  1:1  scale  models  of  all  major  components  and  furnished  the  components 
to  FEV  in  support  of  the  analytical  work.  ECA  has  provided  FEV  with  all  of  the 
information,  drawings,  calculations  and  parts  needed  by  FEV. 

A  final  meeting  between  FEV  and  ECA  is  scheduled  for  October  1,  1997  to  review  fuel 
injeetion  options  for  the  engine.  A  summary  of  that  meeting  will  be  included  in  next 
quarter's  report.  ECA's  fuel  injection  options  assessment  indicates  that  the  Bosch 
Electronically  Controlled  Unit  Injector  and  the  Caterpillar/Navistar  Hydraulic  Electronic 
Unit  Injection  fuel  system,  the  two  highest  technology  injectors  available  today,  are  not 
acceptable  for  the  Thermal  Electric  Compound  Engine  for  a  variety  of  reasons  as 
discussed  in  the  final  report. 
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11/5/1997 


89 


CALSTART 


CflLSTRRT 


Defense  Advanced  Research  Projects  Agency 
Cooperative  Agreement  MDA972-95-2-0011 
and  modifications  through  POOOll 
Quarterly  Report 
July  1  to  September  30, 1997 


APPENDIX 

AMERIGON  FINAL  REPORT 

CALSTART  PROJECT  HATCHERY  ALAMEDA  FINAL  REPORT 
NAVAL  AIR  STATION  ALAMEDA  CLUSTER  PLANNING  FINAL  REPORT 
RMSV  ACTIVE  DIFFERENTIAL  FINAL  REPORT 
ROCKETDYNE 

SAFE  ELECTROMECHANICAL  BATTERIES  (EMB)  FOR  ELECTRIC  AND 
HYBRID  ELECTRIC  VEHICLE  FINAL  REPORT 

ENGINE  CORPORATION  OF  AMERICA  FINAL  REPORT 

COST  REPORTING  SUMMARY  AND  DETAIL 

COMPLETED  PROJECTS 

CANCELED  PROJECTS 


11/5/1997 


90 


CALSTART 


CALSTeRT 


Defense  Advanced  Research  Projects  Agency 
Cooperative  Agreement  MDA972-95 -2-0011 
and  modifications  through  POOOll 
Quarterly  Report 
July  1  to  September  30, 1997 


AMERIGON  FINAL  REPORT 


11/5/1997 


91 


CALSTART 


Final  Report 


PI® 


iifiS^lliii.iiii 


mm 


mm 


i/yy 


iIi;U7  tAX  b:it>  «i5  7400 


AiUbKiGUA 


14J002/002 


AMERIGON 

Lesder  In  Advanced  Automotive  Technologies 


November  6,  1997 


Linda  Wasley 
3601  Empire  Avenue 
Burbank,  CA 

Dear  Linda, 

Per  conversation  with  Chelan: 

The  over  $2.2  million  that’s  quoted  as  matched  fund  in  the  DARPA  report  was  premature,  /.fter 
accounting  assessment  the  correct  figure  is  over  $4  million. 


Thank  you  very  much. 


Sincerely, 


Roben  Maiceliini 
General  Manager 
Electric  Vehicles 


Cc:  ChetanMaini 


5462  Irwindale  Avenue.  Irwindale,  CA  91706-2058  •  Telephone  626'8l5-7400 


Fax  626-81b-7401 


© 


TABLE  OF  CONTENTS 

PAGE 

1.  INTRODUCTION 

3 

2.  ACCOMPLISHMENTS 

4 

3.  DEVIATIONS  TO  PLAN 

6 

4.  PROJECTIONS 

6 

5.  FINANCIALS 

8 

6.  CONCLUSION 

8 

MODIFICATION  AGREEMENT 

APPENDIX  1 

PHOTOS  OF  BEV  AND  EV4 

APPENDIX  2 

PHOTOS  OF  ALUMINUM  BEV  RUNNING  CHASSIS 

APPENDIX  3 

PHOTOS  OF  IPS  AND  EMS 

APPENDIX  4 

PERFORMANCE  REPORT  ON  BEV  ALUMINUM  CHASSIS 

APPENDIX  5 

BEV  AND  EV4  SPECIFICATIONS 

APPENDIX  6 

EV4  TEST  REPORT 

APPENDIX  7 

BEV  TEST  REPORT 

APPENDIX  8 

PHOTOS  OF  EV4  AND  BEV  TOOLING 

APPENDIX  9 

FINITE  ELEMENT  ANALYSIS  OF  EV4  CHASSIS 

APPENDIX  10 

PHOTOS  OF  BEV  TESTING 

APPENDIX  11 

BASELINE  TESTING  OF  RUNNING  CHASSIS 

APPENDIX  12 

BEV  (REVA)  PRESS  RELEASES 

APPENDIX  13 

2 


1.0  INTRODUCTION: 


1.1  Description  of  Effort 

CALSTART’s  Running  Chassis  Program  is  an  effort  to  develop  and  bring  into  production  electric  vehicles 
based  on  a  light-weight,  low  cost,  durable  aluminum  space  frame  construction  technology.  The  ultimate 
aim  of  the  program  is  to  develop  a  new  electric  vehicle  that  can  be  produced  for  low  costs  at  relatively  low 
volume. 

1.2  Background 

Phase  1  of  the  Running  Chassis  Program  was  completed  in  February  of  1994  with  the  roll-out  of  the  first 
prototype  running  chassis.  The  goal  of  Phase  1  was  to  demonstrate  that  extruded  aluminum  components 
could  be  formed  and  bonded  with  adhesives  into  a  working  prototype  vehicle. 

Phase  2  of  the  Running  Chassis  Program  was  launched  in  the  second  quarter  of  1994  with  $875,000  of 
funding  from  the  California  Energy  Commission  (CEC)  and  the  South  Coast  Air  Quality  Management 
District  (SCAQMD),  The  goal  of  Phase  2  was  to  test  and  evaluate  the  performance  of  the  first  running 
chassis  prototype.  The  product  of  this  Phase  was  a  vehicle  with  improve  components,  a  more  stable  frame, 
improved  placement  of  the  battery  compartments  and  increased  effectiveness  of  the  adhesive  bonding 
process. 

1.3  Project  Goals 

The  space  frame  utilizes  advanced  aerospace  technology  that  requires  much  lower  capital  costs  than 
traditional  auto  conversation  techniques.  This  new  technology  also  allows  the  production  of  multiple 
vehicle  types  on  the  same  agile  manufacturing  line.  By  developing  a  process  that  requires  lower  capital 
costs  and  allows  different  vehicle  type  to  be  produced  on  the  same  manufacturing  line,  relatively  small 
numbers  of  vehicles  can  be  built  at  a  low  cost  per  vehicle.  As  a  result,  this  new  advance  provides  the 
breakthrough  in  technology  needed  to  overcome  one  of  the  major  barriers  to  the  successful  also  provides 
the  light-weight  and  durable  space  frame  characteristics  required  by  electric  vehicles. 

Advantages  of  the  running  chassis  are: 

•  can  be  built  on  the  same  agile  production  line  thereby  increasingly  the  total  volume  of  vehicles 
produced, 

•  reduce  the  amount  of  capital  required  for  vehicle  produced, 

•  lower  the  final  cost  of  both  civilian  and  military  vehicles,  and 

•  accelerate  the  successful  introduction  of  electric  vehicle  technology. 


Date 

1 1/20/95  Program 

DARPA 

$ 

Match 

$ 

1 1/14/95 

Initial  Payment 

200 

460 

12/31/95 

completion  ot  the  following:  1)  Breadboard  Design  of  productionized  drive 
train;  2)  EV  Running  Chassis;  3)  BEV  with  steel  space  frame  &  4) 

Installation  of  advanced  components  in  1st  EV4 

175 

200 

3/3 1/96 

fabricate  EV4  and  BEV  Prototype  parts;  Fabricate  parts  of  attachment  of 
body,  interior,  frame;  Revise  design  packages  for  veh.  system  and  package; 
Complete  build  of  EV4. 

125 

0 

6/30/96 

Complete  EV4  and  BEV  Vehicle  Tests.  Revise  tools  for  EV4  and  BEV. 

150 

20 

9/30/96 

build  2  advanced  BEVs  w/welded  and  bonded  chassis;  Complete  design 
package  for  productionized  power  and  control  systems  for  BEV;  Complete 
and  test  five  productionized  power  and  control  systems  for  BEV. 

50 

0 

12/31/96 

Final  Report:  Complete 

0 

40 

Total 

700 

720 

Table  1 
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The  key  componenis  of  an  electric  vehicle  include  the  povs  enrain,  charger  and  battery'  management. 
However,  very  few  systems  are  currently  available  that  integrate  the  charger,  motor  controller,  dc-dc 
converter  and  energy  management  system  that  are  low  cost.  The  second  goal  of  this  program  was  to 
develop  and  test  5  low  cost  Integrated  Power  System  (IPS)  that  could  be  used  for  small  electric  vehicle. 

To  achieve  these  goals,  Amerigon  has  advanced  the  state  of  Running  Chassis  technology  for  two  different 
vehicle  types.  The  first  is  a  4-passanger  sedan  targeted  for  industrialized  countries,  known  as  the  EV4. 
The  second  is  a  Basic  Electric  Vehicle  (BEV)  suitable  for  export  to  developing  country  markets.  The 
specifications  for  the  EV4  and  BEV  can  be  found  in  Appendix  6.  Table  1  summarizes  the  original 
deliverables  and  payments. 


2.0  ACCOMPLISHMENTS 

Significant  advancements  were  made  in  the  Running  Chassis  technology  as  well  as  in  the  development  of 
low  cost  drivetrain.  A  summary  to  these  developments  are  listed  in  Table  2 

In  the  development  of  the  aluminum  chassis  extensive  work  was  done  on  the  bonding  of  major  joints  in  the 
running  chassis.  By  building  chassis  of  2  different  sizes  it  is  easy  to  see  that  the  technology  is  scaleable 
and  has  numerous  applications.  Also  having  built  aluminum  and  steel  running  chassis  for  the  BEV,  we 
were  able  to  determine  the  relative  advantages  and  disadvantages  of  each  type  of  chassis,  by  conducting 
numerous  tests.  This  information  is  summarized  in  Appendix  5.  Also  in  the  development  of  the  running 
chassis,  detail  Finite  Element  Analysis  was  performed  and  the  results  of  the  actual  tests  were  used  to  verify 
the  BEV  Finite  Element  model.  By  updating  the  model  we  were  then  better  able  to  predict  how  the  chassis 
would  behave  under  different  load  conditions.  FEA  results  for  the  EV4  are  summarized  in  Appendix  10 

The  BEV  also  completed  4  post  shaker  testing  that  simulated  over  200,000  kilometers  of  city  driving,  with 
no  failures  to  the  vehicles  chassis  or  body  system.  A  key  area  that  was  verified  was  the  attachment 
methodology  of  the  plastic  body  panels  to  the  steel  space  frame.  This  information  was  key  in  making 

changes  to  the  running  chassis.  Some  of  the  suspension  and  drivetrain  component  designs  were  modified 
based  on  these  tests. 

Amerigon  has  also  developed  a  high  quality  vacuum  forming  process  to  manufacture  low  cost  plastic  body 
panels.  The  panels  for  the  BEV  are  made  from  co-extruded  ABS  that  gives  a  panel  a  glossy  finish  and 
does  not  required  to  be  painted.  These  high-impact  plastic  panels  are  less  complex  and  less  expensive  to 
manufacture  in  limited  quantities  that  existing  methods.  This  process  is  ideal  for  low  volume 
manufacturing,  as  the  vacuum  forming  capital  costs  are  low  and  a  painting  plant  is  not  required. 

The  EV4  vehicle  that  Ameripn  developed  uses  composite  panels  manufactured  using  the  Resin  Transfer 
Process  (RTM).  This  again  is  a  fairly  low  cost  manufacUiring  method  for  body  panels.  A  lot  of  work  was 
done  in  developing  suitable  attachment  schemes  to  fix  the  body  panels  to  the  space  frame.  Tolerances, 
assembly  issues,  temperature  considerations  were  important  things  that  were  addressed  in  order  to  arri  ve 
with  designs  for  body  panel  attachments. 

The  design  of  the  Integrated  Power  System  (IPS)  involved  many  advanced  developments.  In  particular,  the 
entire  productionized  power  system  was  value  analyzed  to  the  component  level.  The  specifications  for'the 
system  were  finalized  and  the  unit  costs  at  various  production  volumes  was  calculated  and  then  further 
optimized  The  IPS  consist  of  a  motor  controller,  charger,  dc-dc  converter  and  energy  management  system 
(EMS),  that  are  packaged  together.  The  charger  is  light  weight  and  low  cost  and  has  the  dc-dc  converter 
integrated  into  the  same  board.  The  energy  management  system  is  microprocessor  based  and  in  addition  to 
monitoring  the  batteries  and  providing  accurate  state  of  charge  display,  it  also  controls  the  charging 
algorithm.  This  enables  the  charging  of  the  batteries  to  be  optimized.  In  addition  to  making  the  IPS  smaller 
and  lighter,  the  most  significant  work  done  was  the  decrease  in  the  system  cost.  The  system  has 
approximately  50%  fewer  components,  is  60%  cheaper  to  manufacture  and  has  improved  performance  over 
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the  previous  systems.  There  are  also  significant  improvement  in  the  reliability  of  the  system  by  designino 
in  redundant  circuits  and  having  the  entire  IPS  sealed  and  cooled  by  free  convection.  Pictures  of  the  IPS° 
are  in  Appendix  4 


TASK 

NAME 

TECHNICAL  INNOVATION  AND  ADVANCES 

1 

Baseline  testing  of  Running 
Chassis 

•  Create  important  baseline  measures  of  performance  in 
initial  and  subsequent  prototypes. 

2 

Develop  Key  Components 

•  Development  of  advanced  prototypes  of  power  systems, 
climate  control  seats  and  energy  management  systems. 

3 

Fabricate  2nd  Generation 
Running  Chassis 

•  Development  of  low-cost  and  repeatable  methods  of 
assembling  extruded  aluminum  running  chassis  using  both 
welded  and  bonded  joints  suitable  for  cost-effective  low- 
volume  manufacture. 

4 

Plastic  Body  and  Interior 

Panel  Development  for  Space 
Vehicle 

•  Concurrent  engineering  methods  for  subsystems  complex 
vehicle  structures. 

•  Design  of  low  cost  recyclable  panels  with  near  Class  A 
finish  that  eliminate  the  need  for  painting. 

5 

Vehicle  System  and  Package 
Design 

•  Accurate  modeling  of  plastic  panel  /  space  frame  members, 
that  exhibit  low  vibration  &  noise. 

•  Concurrent  engineering  methods  of  integrating  complex 
vehicle  subsystems. 

6 

Attachment  of  Body,  Interior 
and  Frame 

•  Low  stress,  leak-proof  attachment  of  panels  to  frame 
members,  that  exhibit  low  vibration  &  noise. 

•  Low  cost  attachment  and  joint  designs  that  forgive 
tolerance  stack  up  and  thermal  expansion  mismatched. 

7 

Productionized  powertrain 
system  design  for  BEV 

•  Integration  of  micro-processing  and  control  functions  from 
a  battery  monitory,  battery  charger  and  energy 
management  system 

•  Design  of  low-cost  package  for  high-quality  manufacbire  in 
initial  low-volumes 

•  Improvements  in  battery  cycle  life  and  range  as  a  result  of 
proper  control  of  charge  and  discharge 

8 

Vehicle  Design  Validation 
(DV)  build  and  test 

•  Verification  of  technical  advances  in  body  panels,  vehicle 
design,  assembly  and  system  integration 

•  Over  200,000  km  of  4  post  shaker  tests  successfully 
completed 

•  BEV’s  driven  over  20,000  kms. 

•  Quantitative  measures  of  performance  gains  achievable  in 

EVs  with  plastic  panel  /  space  frame  /  EMS  system 

•  Durability,  stability,  and  environmental  capability  measures 
ofEV4and  BEV 

•  Comparison  of  steel  verses  aluminum  space  frame 

•  BEV  successfully  completed  side  impact  testing 

•  BEV  is  homologated  for  sale  in  India 

9 

Design  and  tooling  revision 

•  Solutions  to  defects  associated  with  state-of-the-art  design, 
joining  and  attachment  processes. 

TABLE  2 
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3.0  DEVIATIONS  TO  PLAN 


All  objectives  as  set  per  the  modified  agreement  002  (see  Appendix  1),  were  compieted.  This  included  the 
design  and  fabrication  and  testing  of  1  EV4  and  BEV,  construction  of  4  Aluminum  BEV  running  chassis 
and  the  design,  testing  and  fabrication  of  5  advanced  BEV  drivetrains.  Pictures  of  these  can  be  seen  in 
Appendix  2-4.  The  modified  deliverables  are  stated  in  Table  3. 

The  modifications  made  have  the  same  goal  of  advancing  the  running  chassis  technology  and  achieving 
important  innovations.  However,  since  the  original  proposal,  Amerigon  had  successfully  won  $9  million  in 
orders  from  commercial  customers  for  complete  “wheels  up”  electric  vehicles  base  on  space  frames. 

The  modifications  redirected  our  development  activities  towards  the  design  and  fabrication  of  two  vehicle 
types  sought  by  existing  and  potential  customers.  The  project  team  undertook  difficult  technological 
challenges  and  achieved  several  important  innovations  and  advances  in  the  process  of  designing  and 
fabricating  these  vehicles.  This  modification  will  also  help  the  early  commercialization  of  electric 
vehicles  based  on  the  running  chassis  concept 

4.0  PROJECTIONS 


The  project  was  originally  to  be  completed  by  12/3 1/96,  but  was  actually  completed  on  6/30/97,  a  6  month 
delay.  Reasons  for  this  delay  were  both  technical  as  well  as  business  related. 

At  the  technical  end  we  had  significant  delays  on  the  body  tooling  for  both  the  EV4  and  the  BEV.  The 
concepts  used  in  the  body  panels  were  new  and  required  extra  time  to  debug.  The  IPS  development 
involved  more  integration  of  the  electronics  that  we  originally  envisioned.  In  addition  we  spent  significant 

amount  of  time  on  vehicle  and  sub-system  testing  and  made  suitable  design  changes  based  on  those  test 
results. 

Arnerigon  has  also  had  delays  and  difficulty  resolving  the  business  issues.  While  we  have  designed  and 
built  5  BEV  prototypes  and  performed  substantial  testing  on  the  prototypes,  we  have  encountered 
substantial  difficulty  in  our  dealings  with  the  Indian  Government,  our  local  partner  in  India  and  our 
financial  investors.  These  difficulties  are  centered  around  issues  such  as  the  technology  license  rights 
managem6nt  and  control  and  other  business  issues. 

Although  the  program  was  delayed  by  6  months,  the  end  deliverables  are  more  advanced  then  initially 
proposed.  Significant  testing  of  the  vehicles  have  been  completed  to  verify  the  designs.  Also  the  IPS  and 
complete  BEV  design  is  closer  towards  production.  This  involved  fabricating  many  production  ready 
tooling  to  made  body  panels  and  chassis  parts. 
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Table  3  (Modifications  to  Original  Statement  of  Work) 


5.0  FINANCIALS 


The  total  cost  to  complete  the  grant  deliverables  is  substantially  higher  than  that  indicated  in  the  original 
statement  of  work.  Amerigon  has  independently  funded  these  cost  overruns.  The  grant  had  a  budget  of 
$1.42  million  that  included  a  match  payment  from  Amerigon  for  $720,000.  From  conception  of  this 
project,  Amerigon  has  spent  over  $2.2  million  and  doubled  its  match  payment.  All  this  extra  money  went 
towards  decreasing  the  cost  of  the  IPS  and  taking  the  vehicle  design  closer  towards  production. 

6.0  CONCLUSION 

A  significant  amount  of  work  has  been  done  to  advance  the  running  chassis  technology.  Two  different 
platforms  of  chassis  were  designed,  fabricated  and  tested.  Also  5  low  cost  IPS’s  were  designed,  fabricated 
and  tested.  In  addition,  a  comparison  of  the  Steel  to  Aluminum  chassis  was  also  conducted  to  see  the 
relative  advantages  of  an  aluminum  space  frame  over  a  steel  space  frame.  The  pictures  of  the  deliverables, 
specifications  and  test  results  in  the  appendices  further  detail  the  work  done  over  the  last  I  !4  years  at 
Amerigon. 

The  EV4  chassis  that  was  fabricated  was  one  out  48  such  frames  made  at  the  NAS,  There  are  currently  40 
of  such  vehicles  that  use  the  EV4  running  chassis  that  are  currently  operating  in  Korea  for  Samsung 
Corporation.  In  addition  there  are  currently  8  additional  BEV’s  operating  and  18  kits  that  are  based  off  the 
BEV  running  chassis.  The  BEV,  called  the  REVA,  received  a  preliminary  launch  in  India,  of  which  press 
releases  can  be  seen  in  Appendix  13. 


We  are  currently  working  to  find  a  Strategic  partner  in  India  to  manufacture  the  REVA.  This  would  lead  in 
a  joint  venture  to  manufacture  low  cost  electric  vehicles.  A  significant  portion  of  the  components  in  the 
initial  years  will  be  exported  from  the  US  and  would  include  the  Integrated  Power  System  (IPS). 

It  is  important  to  realize  that  Amerigon  had  two  large  EV  projects  for  which  ARPA  provided  assistance. 

By  using  the  ARPA  funding  to  leverage  on  our  current  developments,  we  were  able  to  make  significant 
development  in  advancing  the  running  chassis  technology  and  bringing  EV*s  closer  commercialization. 


Appendix  1:  Modification  Agreement 


MODIFICATION  002 


CRL5IIIHT 


Agreement  between 
CALSTART 
and 

AMERIGON 
Dated:  May  30, 1995 


Modification  002  to  the  Agreement  dated  May  30. 1995  and  the  Modification  001 
replaces  the  budget/milestone  exhibit  labeled  Exhibit  A. 


signed  1 1/20/95 


The  term  of  this  contract  shall  be  through  12/31/97. 

ARTICLE  I 

GENERAL  RESPONSIBILITIES 

Section  1.2  Project  Obligations:  This  section  is  amended  to  read  as  follows; 

Section  1.2  Project  Obligations. 

The  Participant  shall  carry  out  the  Project  and  shall  incur  obligations  against  and  make 
disbursements  of  Project  funds  only  in  conformity  with  the  latest  budget  for  the  Project 
which  may  be  revised  in  writing  by  CALSTART  and  Participant.  The  Project  Budget.’ 
including  related  time  frames,  milestones  and  deliverables  for  the  Project,  is  attached  hereto’ 
^  Revised  Exhibit  A.  The  Statement  of  Work  for  the  Participant  is  set  out  in  Exhibit  B. 
Failure  to  perform  the  work  as  described  in  either  Exhibit  A  or  B  may  result  in  termination  of 
the  contract.  Participant  will  be  permitted  to  seek  reimbursement  from  CALSTART  for  costs 
expended,  subject  to  provisions  of  the  Revised  Program  Participant  Manual  and  DARPA 
funding  up  to  $700,000.00  in  approved  funds  from  1994.  Invoices  shall  be  submitted  in 
accordance  with  the  Budget/Schedule/Milestones  set  out  in  Exhibit  A  using  the  form 
provided  as  Exhibit  C.  The  Participant  shall  bear  all  costs  and  expenses  that  are  not  accepted 
for  payment  by  DARPA.  unless  CALSTART.  in  conjunction  with  DARPA  determines 


All  other  references  and  sections  of  the  original  contract  remain  in  force  with  full  effect. 


Signed: 


rohn  Boesel 
Executive  Vice  President 


®LlZflT 

Date 


Mod  2  08/07/97 


weiaea  and  bonded  -  two  BEVs  should  be  advanced 
Complete  build  and  test  of  5  productionized 
drive  trains.  Complete  comparative  analysis  of 
chassis  designs  and  structure.  Complete  final  report. 


Appendix  2:  Photos  of  BEV  and  EV4 
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Leader  in  Advanced  Automotive  Technologies 


EV4  Electric  Vehicle 


Appendix  3:  Photos  of  Aluminum  BEV  Running  Chassis 
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Appendix  4:  Photos  of  Integrated  Power  System  and 
Energy  Management  System 
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EMS  Main  Module 


Energy  Management  System  (EMS)  Battery  Module 


Appendix  5:  Performance  Report  on  BEV  Aluminum  Chassis 


AMERIGON 


ALUM  VS  STEEL  VEHICLE  PERFORMANCE  COMPARISON 


Prepared  by:  T.  Cameron  July  14,1997 

This  report  will  status  and  compare  an  aluminum  frame  AEV  and  a  steel  frame  AEV.  A 
comparison  of  weight,  cost,  and  performance  will  be  analyzed. 


WEIGHT 

The  weight  of  the  four  complete  aluminum  chassis,  as  a  running  chassis  only  (less  body 
attachments)  is  shown  below. 

AL-AEV1  101  lbs 
AL-AEV2  100  lbs 
AL-AEV3  99  lbs 
AL-AEV4  100  lbs 

It  is  estimated  that  body  attachments  would  add  7  to  lbs  in  aluminum. 

The  weight  of  four  complete  steel  chassis,  with  all  body  attachments,  is  shown  below. 

AEV-1  152  lbs 
AEV-2  151  lbs 
AEV-3  152  lbs 
AEV-4  151  lbs 

The  aluminum  chassis  is  42  lbs  lighter,  giving  a  saving  of  28%. 


MATERIAL  COST 

At  the  time  this  report  was  written  the  price  of  both  aluminum  and  steel  in  the  structural  shapes 
required  to  fabricate  the  AEV  chassis  were  investigated.  Prices  were  compared  both  by  the  foot 
and  by  the  pound.  Several  material  suppliers  in  the  Los  Angeles  area  quoted  the  tubing  in  runs 
over  50,000  feet.  The  AEV  chassis  requires  125  feet  of  tubing. 

These  quotes  were  averaged  to  give  the  values  shown  below. 

Aluminum  $1.50  per  foot  $1.20  per  lb  $128.00  per  chassis 

Steel  $  .50  per  foot  $  .40  per  lb  $61 .00  per  chassis 

A  secondary  material  cost  to  consider  is  the  cost  to  put  a  protective  coating,  or  paint  on  a 
chassis.  The  aluminum  chassis  would  be  self  protected  in  its  Own  oxidation,  and  would  not 
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require  any  coating  or  painting.  It  has  been  estimated  that  the  cost  to  prepare  and  wet  paint,  a 
steel  chassis  is  $200  in  the  prototype  stage  and  $45.00  in  production 

The  aluminum  chassis  material  cost  is  $22  more,  or  17%  more  than  steel  in  production 

FABRICATION  COST 

The  AEV  chassis  has  been  designed  to  be  MIG  welded  by  hand.  Fabricating  the  chassis  with  a 
simple  clamping  fixture  required  40  hours  by  a  union  welder  at  the  Alameda  NAS.  The  aluminum 
chassis  were  Mig  welded  with  aluminum  wire  using  the  same  technique.  Because  of  the  extra 
preparation  and  cleanliness  required  for  welding  aluminum  it  took  48  hours  per  chassis. 


Welding  fabrication  production  cost  for  union  welder  approx.  $20.00  per  hour 
Aluminum  $20/hr  x  48hrs  =  $  960.00 

Steel  $20/hr  x  40hrs  =  $  800.00 

With  production  fixtures,  the  estimated  time  requirement  to  weld  the  chassis  is  8  hours  for  steel 
and  81/2  hours  for  aluminum,  or  a  difference  of  6% 


Prototype  Costs 


ALUMINUM 

STEEL 

Material  $128.00 

Material*  $261.00 

Fabrication  $960.00 

Fabrication  $800.00 

total  $1088.00 

total  $1061.00 

Production  Costs 


ALUMINUM 

STEEL 

Material  $128.00 

Material*  $106.00 

Fabrication  $170.00 

Fabrication  $160.00 

total  $298.00 

r  total  $266.00 

‘includes  painting  costs 


PERFORMANCE 

The  structural  performance  was  analyzed  in  the  attached  Finite  Element  Analyses  Report,  (report 
#  CSG-2).  This  data  was  then  checked  in  a  laboratory  test,  see  attached  Test  Report  (pv-test7). 

A  summary  of  these  results  are  shown  in  the  table  below. 


ALUMINUM 

STEEL 

FEA  DATA 

1190  ft-lbs/deg 

1550  ft-lbs/deg 

Amerigon  Incorporated 


ALUMINUM 

STEEL 

LAB  DATA 

1000  ft-lbs/deg 

1200  ft-lbs/deg 

Acceleration  tests  of  the  four  aluminum  running  chassis,  and  three  steel  running  chassis  from  0 
to  30  kph  are  shown  beiow 


Acceleration  0  to  30  kph 


AL-AEV1 

2.7  sec 

AEV1 

2.9  sec 

AL-AEV2 

2.7sec 

AEV2 

2.9  sec 

AL-AEV3 

2.7sec 

AEV3 

2.8  sec 

AL-AEV4 

2.8  sec 

Range  test  data  from  a  full  SOC  has  been  summarized  in  the  following  table. 


Steady  state  range  test  at  40  kmph  (without  body) 


AL-AEV1 

105  km 

AEV1 

100  km 

AL-AEV2 

103  km 

AEV2 

103  km 

AL-AEV3 

102  km 

AEV3 

102  km 

AL-AEV4 

103  km 

SUMMARY 

The  aluminum  chassis  will  provide  a  28  percent  weight  savings,  with  a  1 1  percent  cost  penalty  in 
production  at  the  chassis  level.  A  complete  full  bodied  AEV  has  a  curb  weight  of  1470  lbs.  The 
42  pound  weight  savings  of  an  aluminum  chassis  would  contribute  a  total  of  2.8  percent  of  the 
total  vehicle  weight.  This  weight  savings  would  enhance  the  acceleration  and  range  performance 
by  1-3%  percent. 
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FINITE  ELEMENT  ANALYSIS  REPORT 
AEV  CHASSIS  ALUMINUM  /  STEEL 


REPORT#:  CSG-2 
DATE:  5-21-97 

STRUCTURE:  AEV  aluminum  vs.  steel 
STRESS  ANALYST:  Todd  Cameron 


SUMMARY:  The  main  roll  of  the  space  frame  chassis  is  to  provide  the  occupants  with  the 
maximum  possible  protection  from  impact  from  any  direction.  In  addition  to  occupant  protection  a 
criteria  of  the  space  frame  design  is  to  provide  structure  to  increase  the  bending  and  torsional 
rigidity  of  the  vehicle.  Increased  structural  rigidity  improves  vehicle  handling  by  allowing  the 
suspension  components  to  control  a  larger  percentage  of  the  vehicles  kinematics. 

In  order  to  achieve  these  design  goals,  finite  element  analysis  was  employed  to  help  design  the 
steel  space  frame  chassis.  This  same  FEA  was  used  to  convert  the  space  frame  from  steel  to 
aluminum.  Several  iterations  of  FEA  models  were  analyzed  until  the  performance  of  the 
aluminum  chassis  was  comparable  to  the  proven  steel  chassis.  This  analysis  was  used  to  help 
determine  the  cross  sections  and  wall  thickness  of  the  aluminum  chassis  members. 

Modeling  started  with  a  FEA  model  of  the  current  steel  chassis.  This  model  consist  of  more  than 
10,000  elements  see  (Fig  1).  Loads  and  restraints  were  modeled  in  to  simulate  the  torsional 
rigidity  testing,  in  the  exact  way  that  it  would  be  tested  in  the  laboratory.  Once  a  consistent  steel 
model  was  running,  material  properties,  and  readily  available  cross  sections  of  aluminum  were 
substituted  in.  The  same  load  and  restraint  conditions  were  applied  to  both  the  steel  and 
aluminum  models.  The  results  of  the  analysis  were  post  processed  for  stress  deflection  and 
fatigue.  Optimization  was  performed  by  repeated  thinning  of  the  wall  thickness  and  decreasing 
the  cross  section  of  the  least  effective  member. 


RESULTS:  The  FEA  model  of  the  steel  chassis  gave  a  result  of  1550  ft-lbs/deg  in  torsional 
rigidity  see  (Fig  2).  The  FEA  of  the  aluminum  gave  a  result  of  1495  ft-lbs/deg  see  (Fig  3).  These 
results  were  obtained  with  aluminum  cross  sections  of  2”  x  3"  side  rails,  2”  x  2"  crossmembers, 
and  2”  diameter  cantrails  all  with  1/8  inch  wall  thickness.  A  decision  was  made  to  decrease  the 
cross  sections  to  sizes  similar  to  the  steel  chassis  so  that  the  components  attached  to  the 
chassis  would  require  a  minimum  amount  of  redesign  and  rework.  Another  model  was  created 
using  1.5”  x  2.5”  siderails,  1.5”  x  1.5”  crossmembers,  and  1.25”  diameter  cantrails,  all  with  1/8 
inch  wall  thickness.  The  torsional  rigidity  of  this  model  was  1190  ft-lbs/deg. 
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CONCLUSION:  Laboratory  tests  of  torsional  rigidity  for  both  the  aluminum  and  steel  chassis 
were  conducted  see  attached  test  report  (pv-test7).  A  summary  of  the  results  is  shown  in  the 
table  below. 


ALUMINUM 

STEEL 

FEA  DATA 

1190  ft-lbs /deg 

1550  ft-lbs /deg 

LAB  DATA 

1000  ft-lbs /deg 

1200  ft-lbs /deg 

A  possible  explanation  for  the  discrepancy  between  the  FEA  and  lab  data  could  be  the  ideal 
conditions  modeled  in  the  joints  and  end  restraints  of  the  FEA  model.  It  would  be  best  to  re¬ 
process  the  FEA  model  allowing  a  small  percentage  of  flex  to  be  modeled  in,  until  a  closer  match 
is  made  between  the  model  and  the  lab  data. 

These  figures  may  be  adequate  for  a  vehicle  of  this  weight,  as  1200  ft-lbs  is  probably  the 
maximum  static  stress,  and  one  degree  of  chassis  distortion  does  not  seem  excessive. 
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test  report 


TITLE;  Chassis  Stiffnps^; 

DATE:  May  25,  1997 
TIRE  PRESS:  rVa 
VEH#:  AL-AEV1  /  AF\m 

INSTRUMENTATION:  Mitutovo  Digital  depth  ganga 
CALIBRATION:  3/96 

TEST  TRACK/COURSE:  ykatorv  surfanp  plate 


REPORT#:  pv-test7 


CONDITIONS:  n/a 
GVW:  n/a 


TEST  ENGR;  P.Van  Valkpnhtirnh 


test  DESCRIPTIOM- 

bare  AEV  frame  on  the 

locations.  Diagonally  opposite  corners  were  support^  o!I’raS 

was  tied  down  to  the  bedplate,  and  the  diaqonaMv  onnn<!itI  ^  '‘emaining  corner 

an  8-foot  arm.  Moment  arm  is  the  beam  lenoth  from  Kt  with  150  pounds  at 

divided  by  beam  langm  is  the  sine  of  me  Seta  atlgS  «dflecta 

results- 

Torsional  rigidity; 


Steel  chassis  with  updated  shock  mounts 
Aluminum  chassis  with  four  bond  joints 


1200  ft-lbs/deg 
1000  ft-lbs/deg 


CONCLUSinM- 

COMMENTS- 

wheTer  a  -measured  to  find 

assumed  to  be  when  the  car  is  fully  loaded  and  S  h  W  torsional  load  is 

lightly  loaded  wheel  off  the  ground^  Reva  3  wasTtreSp^h  ^ost 

similar-size  1/4-inch  ABS  panel  wasSd  attanS  windshield  was  installed.  A 

location  of  the  top  two  corners  was  marked  on  mfhnd  'hT  ^  The 

The  maxtmum  displacement  of  the  frame  with  mspect  I 


without  cracking , he 


Appendix  2:  Summary  performance  test  report  on  BEV 
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PERFORMANCE  TEST  REPORT 


TITLE:  AEV  Verification  Test  REPORT#:  tc-test2 

DATE:  July  31.  1997  CONDITIONS:  nZa 

TIRE  PRESS:  44  psi  GVW:  see  below 

VEH#:  AEV1  .  AEV2.  AEV3  TEST  ENGR:  P.Van  Valkenbureh 

INSTRUMENTATION:  Fifth  Wheel  /  microcomputer 
TEST  TRACK/COURSE:  Arrow  Hwv  below  dam 


TEST  DESCRIPTION; 

Verification  testing  of  the  full  bodied  AEV  vehicles  was  completed  to  document 
and  confirm  the  performance  of  the  vehicles.  The  testing  included  acceleration, 
top  speed,  gradeability,  stopping  distance,  range  and  turning  circle.  The 
vehicles  were  also  run  through  several  kilometers  of  documented  road  testing  in 
order  to  assure  reliability. 

RESULTS: 


GVW 

ACCEL 

TOP  SPD 

GRADE 

STOP 

RANGE 

TURN 

(LBS) 

(0-30  SEC) 

(km/h) 

(%) 

from  30mph 

(km) 

(meters) 

AEV1 

1461 

4.1  '■ 

66.4 

27 

9.7  m 

106.0 

7.4 

AEV2 

1453 

3.9 

67.6 

25 

12.1  m 

104.7 

7.6 

AEV3 

1472 

4.5 

65.5 

25 

12.8  m 

104.6 

7.4 

Final  vehicle  odometer  readings  (8-5-97) 

AEV1  667  km 
AEV2  461  km 
AEV3  944  km 

CONCLUSION: 

No  major  reliability  problems  occurred  during  testing.  The  performance  was  in 
check  with  the  requirements.  The  speedometers  have  an  error  of  10  to  13 
percent.  The  results  presented  are  actual  data  (km).  The  range  test  was 
completed  without  data  acquisition  and  was  not  to  a  complete  discharge. 
Original  data  sheets  are  in  the  test  file. 
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Appendix  6:  BEV  and  EV4  Specifications 


REVA  Technical  Specifications 


Type 


2-door,  hatchback,  right-hand-drive 


Payload  (2  adults,  2  children  &  cargo)  225  kg  (496  lb) 


Range  (with  full  payload) 


Top  speed 

Curb  Weight 
F/R  Weight  Ratio 


135  km  (84  mi)  @  40  kph  (25  mph)  constant  speed  to  80%  Dod 
71  km  (44  mi)  on  Indian  Standard  Driving  Cycle  to  80%  Dod 

65  kph  (40.6  mph) 

650  kg  (1,430  Ib) 

40%  /  60% 


Wheel  Base 

Track 

Length 

Width 

Height 

Ground  Clearance  (min.) 
Turning  Radius  (max.) 
Maximum  Gradeability: 


1650  mm  (65.0  in) 
1181  mm  (46.5  in) 
2638  mm  (103.9  in) 
1324  mm  (52.1  in) 
1510  mm  (59.4  in) 

150  mm  (5.9  in) 

3505  mm  (138  in) 
20%  with  full  payload 


Battery  Weight 
Battery  Capacity  (C-20) 
Battery  Energy  Density  (C-20) 
Battery  Pack  Voltage 
Battery  Pack  Current 

Controller  /  Charger  /  EMS 
(Integrated  Power  System) 


240  kg  (528  Ib) 
235  AH 
45  WH/kg 
48V  nominal 
450A  maximum 


Controller  Seperately  excited  with  regenerative  braking 
Charger:  220  V,  12  A,  2kW 

Standard  Indian  1 5 A  wall  plug 
EMS:  Intelligent  fuel  gauge  &  battery  mgmt.  System 

DC-DC  converter:  300  W  max. 


Charge  Time 

Body  Material 

Frame  Type 
Suspension 


Tires 

Wheels 

Brakes 

Motor 

Transmission 


80%  in  3  hrs,  100%  in  8  hrs 

High  impact  ABS  vacuum  formed  panels.  (Bumpers:  rotomolded  HDPE) 

Welded  tubular  space  frame 
MacPherson  strut  (front) 

Solid  axle  (rear) 

145/60R14 

3.5”  X  14”  Aluminum  Alloy 

Four  wheel  dual  circuit  hydraulic  drum  brakes 
Integrated  regenerative  braking 

DC  Seperately  excited,  6  hp  continuous  (17  hp  peak) 

7:1  single  gear  reduction  directly  coupled  to  motor 
driving  rear  wheels 
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AMERIGON  EV4  SPECIFICATIONS 


1.0  Vehicle  Type 
Passenger:  4 

Type:  2  Door  Hatch  Back 

Drive:  Front  Wheel  (Motor  Direct  Drive) 


2.0  Physical  Dimensions 

Overall  Length:  4.055,mm 

Width:  1,675  mm 

Height:  1,490  mm 

Wheelbase:  2,485  mm 

Track  Front:  1,440  mm 

Rear:  1,425  mm 

Curb  Weight:  1 ,400  kg  (target)  30801b. 

Weight  Distribution:  50/50  With. One  Occupant 


3.0  Clearances 

Nominal  Ground  Clearance: 

Depth  of  pothole  that  can  be  cleared: 
Angle  of  ramp  that  can  be  cleared: 
Approach  Angle: 

Departure  Angle: 

Height  of  curb  that  can  be  cleared: 
Front  wheel  to  fender: 

Rear  wheel  to  fender: 


165  mm 
N.A. 

15°  (Min.) 

17°  (Min.) 

17°  (Min.) 

N.A. 

Amerigon  recommends  30-40  mm 
(Samsung  to  verify) 

Amerigon  recommends  30-40  mm 
(Samsung  to  verify) 


4.0  Acceleration  and  Power 

Acceleration:  0  to  400  m  :  21.0  sec. 

0  to  100  kph  :  16  sec. 

Max.  Speed:  More  than  120  km/h 

Hill  Climbing  Ability:  20%  Min.  at  15  kph  for  up  to  5  Min. 
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Vehicle  Specification  Cont. 


5.0  Range  (Maintenance  Free  Lead  Acid  Battery) 
Constant  Speed  (40  kph);  More  than  150  km 
City  Drive  (Seoul):  More  than  60  km 


6.0  Brake 

Performance 

60  to  0  kph:  43  m  (max.) 

30  to  0  kph:  18  m  (max.) 

Max.  Speed  to  0  kph:  75  m 

Max.  deceleration  by  brakes:  1g  (max.) 

Wet  Pavement  60  to  0  kph:  52  m  (max.) 

Uniformity  of  braking  deceleration 

Spec  to  be  developed  by  Samsung 
Regeneration  before  brake  application 

Up  to  0.3  g  (Adjustable  by  controller)  when  acceleration  pedal  is  fully 
lifted.  Maximum  regen  must  be  adjustable  by  Samsung 
Regenerative  during  brake  application 

Up  to  0.6  g  (Adjustable  by  controller)  when  accelerator  is  fully  lifted. 
Maximum  regen  must  be  adjustable  by  Samsung 
Response  Time 

Response  Time  from  pedal  application:  100  msec  (max.) 

Response  Time  from  pedal  release:  100  msec  (max.) 

Vehicle  stability  during  braking 

Must  be  able  to  maintain  control  under  heavy  braking. 

Maximum  0.25  degree  yaw. 

Brake  noise:  Less  than  50  db 

Parking  Brake:  Meets  FMVSS  standards 


7.0  Suspension 

According  to  Basic  Vehicle  (Carry  Over) 


8.0  Tire  and  Wheel 

Tire  Size:  175/70/R13  -  use  Goodyear  Invicta  GLR 

Temp.:  T105/70/D14 

Wheel  Size:  5.5  J  x  1 3 
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9.0  Handling 

Lateral  Acceleration; 

Degree  of  body  roll; 

10.0  Drive  Train 

Motor  &  Controller  Type; 

Power 

Energy  Used: 

Transmission  Type; 

Final  Drive: 

11.0  Occupant  Interaction 

Display  Supported: 

Speedometer,  Odometer,  Turn  Signal,  Drive  Engaged,  Battery  Level, 
Motor  Temp.,  Lights  for  Brake,  High  Beam  Low  Energy  Remaining, 
Seat  Belt,  Door  Opening,  Hood  Opening,  Refer  to  Ordering  Spec. 

12.0  Occupant  Protection  and  Safety 

Crash  Worthiness;  Per  Amerigon's  Specification  (Do  not  do  vehicle 

tests,  Simulation  only) 

Seat  Belts;  Frame  will  be  hard  points  for  3  points  belts 

High  Voltage  Isolation  Incorporated  in  controller 
High  Voltage  Crash  Disconnect 
Battery  Containment  Requirements 

Fail-safe  models  for  loss  of  power  brakes  and  steering  revert  to  manual 
Field  of  Vision;  According  to  Samsung  SEV  -  III 

Do  not  start";  At  Charging 

To  prevent  quick  start,  driver  has  to  foot  brake 
pedal  when  start 

13.0  Durability 

Warranty;  1  year  24,000  km  (min.) 

Target  Life 

Batteries:  1,000  Recharge  cycle 

Brakes;  120,000  km 

Shock  Absorbers;  150,000  km 
Tire;  50,000  km 

Battery  pack  replacement  in  field  service  possible 


0.75  g  (min.) 

3.5  degree  max.  at  0.5  g 
5.0  degree  max.  at  max.  accel. 


AC  Induction 

Satisfy  Vehicle  Performance 
Satisfy  Driving  Range 
Single  Speed 
Differential 
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14.0  Maintenance 

Periodic  maintenance:  Check  transmission  oil 

Check  coolant 


15.0  Environment 

Temp.  Range: 

Humidity  Range: 
Rain  on  Chas'sis: 


-20°C  to  40°C  Operating 

-40“C  to  '85°C  Storage 

0  to  100%  Non-condensing 

Must  not  damage  or  impair  function 

Must  not  allow  any  current  leakage  from/into  electrical 

system 


16.0  Interfaces 

Electrical  Supply  to  Chargen 
Test  Equipment  Interface: 

Tow  hooks  and  towing  provisions  2  in 
Vehicle  ID  Numben 
Require  warning  level: 


220  V  15  Amps.  60  Cycles 
RS  232  C 
front,  1  in  rear 
Assigned  by  Samsung 
SAE  standard  on  high  voltage 
systems 
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Appendix?:  EV4  Test  Report 


Introductory  Test  Plan  for  EV4 
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Introductory  Test  Plan  for  EV4 
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Introductory  Test  Plan  for  EV4 


Special 

Equipment 

Test 

Supervisor 

Dave  B. 

Dave  B. 

Dave  B. 

Dave  B. 

Dave  B. 

Dave  B. 

Dave  B. 

Dave  B. 

Dave  B. 

cd 

0) 

> 

CtJ 

Q 

Test 

Engineer 

Don  C. 

6 

c 

o 

Q 

d 

c 

o 

Q 

Don  C. 

Don  C. 

Don  C. 

Don  C. 

Don  C. 

Don  C. 

bon  C, 

Hours 

CN 

CNJ 

CN 

CO 

n 

CO 

CO 

Location 

Any 

Amerigon 

Amerigon 

Amerigon 

Amerigon 

Amerigon 

Any 

Street  Drive 
Arrow  Hwy 
trwindale 

Street  Drive 
Arrow  Hwy 
Irwindale 

Amerigon 

Purpose 

Empirically  verify 
siructural  integrity  of 
chassis  and 
suspension 
components 

Verify  charging 
profile,  determine 
charging  efficiency, 
verify  battery  pack 
capacity 

Delennine  if 
radiator,  hose 
routing,  and  fans 
are  adequate  for 
standard  operation. 
Also  determine  if 
coolant  pump  flow 
can  be  increased. 

Determine 
appropriate  fuse 
size  and  current 
limiting  to  keep 
pump  operating 
under  extreme 
condition.  Adjust, 
place  stops. 

Determine  power 
consumption 

Verify  gear  box 

NVH  levels  are 
acceptable 

Verify  function 

Determine 
correctable  sources 
of  rolling  drag 

Determine 
correctable  sources 
of  aero  drag 

Anticipate 

warrantee  problems 
with  spedaf 
connectors 

Parameter 

Measurement 

Watch  for  mechanical  problems 
and  listen  for  unusual  noises 

AC  current  vs  time.  Buss  current 
vs  time.  Buss  voltage  vs  time, 
Battery  SOC  vs  time,  PCU  temp, 
fan  ON/OFF 

Measure  radiator  inlet  coolant 
temp,  radiator  exit  coolant  temp, 
ambient  temp.  Motor  coolant  exit 
temp,  and  air  flow.  Measure 
coolant  pump  volts  and  current. 

Power  sirg  motor  current  and 
voltage 

31 

Ol 

ra 

o 

> 

TS 

C 

<0 

c 

w 

3 

U 

O 

o 

£ 

Q. 

£ 

3 

CL 

Observe  gear  box  NVH 

Driver  observation  of  dash  fuel 
gauge 

Rolling  drag 

Aero  Drag 

Test  resistance  of  special 
connectors  before  and  after  use 
in  the  vehicle. 

Parameter  Spec. 

None 

None 

o 

c 

o 

z 

(U 

§ 

z 

§ 

z 

None 

(0 

§ 

z 

(U 

c 

o 

z 

§ 

z 

(0 

i 

z 

Test  type 

v^nassis  ana  luii  venicte 
driving  test 

S 

c 

lU 

c 

□ 

a. 

S 

3 

J  c 

in 

S 

? 

5 

3 

n 

n 

n 

a 

3  t 

in 

s 

m 

c 

> 

3 

A 

n 

/> 

2 

3  e 

A 

u 

? 

► 

5 

n 

n 

n 

2 

3  C 

3) 

S 

3) 

c 

> 

c 

3 

A 

A 

A 

2 

J  c 

a  ; 

3 

5 

3. 

5 

^  u 

« 

a> 

Ol 

c 

> 

3 

□ 

O 

3 

3 

> 

3 

1.  L 

3> 

0} 

C3> 

c 

c 

3 

u 

3 

3 

L  C 

S 

3 

3 

3 

J 

Test  Name 

integrity 

( 

1  .1 

3  c 

\ 

K  0 

n  cn 

s 

§  i 

= 

5 

\i 

5 

!  5 

a 

5 

<3.° 

£ 

3 

CL  C 

< 

3 

2 

5  ^ 

3  u 

T 

1 

c/ 

3 

]  i 

s|  1 

5  S  "c 

3  O 

j  u  n 

II  i 

5-°  1 

?  o 

:  u  j 

harness 

durability 

c 

c 

< 

3  c 

r 

c  < 

3  C 

7 

< 

c 

c 

< 

i  r> 

;  < 

C 

a 

< 

c 

0 

< 

c 

T- 

Don  Campbell 
David  Bell 


to 

tN 

to 


Don  Campbell 
David  Bell 


EV4  TEST  FORM 


Driver:  _ _ 

Date  _ _ 

Vehicle  BCD 

Drive  Type;  1  2  3  4  5  (  1  is  casual.  5  is  harsh) 
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AMERIGON  EV4  SPECIFICATIONS 


1.0  Vehicle  Type 
Passenger:  4 

Type:  2  Door  Hatch  Back 

Drive:  Front  Wheel  (Motor  Direct  Drive) 

2.0  Physical  Dimensions 

Overall  Length:  4,055.mm 

Width:  1,675  mm 

Height:  1,490  mm 

Wheelbase:  2,485  mm 

Track  Front:  1,440  mm 

Rear:  1,425  mm 

Curb  Weight:  1,400  kg  (target)  30801b. 

Weight  Distribution:  50/50  With. One  Occupant 


3.0  Clearances 

Nominal  Ground  Clearance: 

Depth  of  pothole  that  can  be  cleared: 
Angle  of  ramp  that  can  be  cleared:  ■ 
Approach  Angle: 

Departure  Angle: 

Height  of  curb  that  can  be  cleared: 
Front  wheel  to  fender: 

Rear  wheel  to  fender: 


165  mm 
N.A. 

15®  (Min.) 

17°  (Min.) 

17®  (Min.) 

N.A. 

Amerigon  recommends  30-40  mm 
(Samsung  to  verify) 

Amerigon  recommends  30-40  mm 
(Samsung  to  verify) 


4.0  Acceleration  and  Power 

Acceleration:  0  to  400  m  :  21.0  sec. 

0  to  100  kph  :  16  sec. 

Max.  Speed:  More  than  120  km/h 

Hill  Climbing  Ability:  20%  Min.  at  15  kph  for  up  to  5  Min. 
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5.0  Range  (Maintenance  Free  Lead  Acid  Battery) 

Constant  Speed  (40  kph):  More  than  150  km 
City  Drive  (Seoul):  More  than  60  km 


6.0  Brake 

Performanoe 

60  to  0  kph;  43  m  (max.) 

30  to  0  kph;  18  m  (max.) 

Max.  Speed  to  0  kph;  75  m 

Max.  deceleration  by  brakes:  1g(max.) 

Wet  Pavement  60  to  0  kph;  52  m  (max.) 

Uniformity  of  braking  deceleration 

Spec  to  be  developed  by  Samsung 
Regeneration  before  brake  application 

Up  to  0.3  g  (Adjustable  by  controller)  when  acceleration  pedal  is  fully 
lifted.  Maximum  regen  must  be  adjustable  by  Samsung 
Regenerative  during  brake  application 

Up  to  0.6  g  (Adjustable  by  controller)  when  accelerator  is  fully  lifted. 
Maximum  regen  must  be  adjustable  by  Samsung 
Response  Time 

Response  Time  from  pedal  application;  100  msec  (max.) 

Response  Time  from  pedal  release;  100  msec  (max.) 

Vehicle  stability  during  braking 

Must  be  able  to  maintain  control  under  heavy  braking. 

Maximum  0.25  degree  yaw. 

Brake  noise;  Less  than  50  db 
Parking  Brake;  Meets  FMVSS  standards 

7.0  Suspension 

According  to  Basic  Vehicle  (Carry  Over) 


8.0  Tire  and  Wheel 

Tire  Size:  175/70/R13  -  use  Goodyear  Invicta  GLR 

Temp.:  T105/70/D14 

Wheel  Size:  5.5Jx13 
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9.0  Handling 

Lateral  Acceleration;  0.75  g  (min.) 

Degree  of  body  roll;  3.5  degree  max.  at  0.5  g 

5.0  degree  max.  at  max.  accel. 


10.0  Drive  Train 

Motor  &  Controller  Type; 
Power; 

Energy  Used; 
Transmission  Type; 

Final  Drive; 


AC  Induction 

Satisfy  Vehicle  Performance 
Satisfy  Driving  Range 
Single  Speed 
Differential 


11.0  Occupant  Interaction 

Display  Supported; 

Speedometer,  Odometer,  Turn  Signal,  Drive  Engaged,  Battery  Level, 
Motor  Temp.,  Lights  for  Brake,  High  Beam  Low  Energy  Remaining, 
Seat  Belt,  Door  Opening,  Hood  Opening.  Refer  to  Ordering  Spec. 

12.0  Occupant  Protection  and  Safety 

Crash  Worthiness;  Per  Amerigon's  Specification  (Do  not  do  vehicle 

tests,  Simulation  only) 

Seat  Belts;  Frame  will  be  hard  points  for  3  points  belts 

High  Voltage  Isolation  Incorporated  in  controller 

High  Voltage  Crash  Disconnect 
Battery  Containment  Requirements 

Fail-safe  models  for  loss  of  power  brakes  and  steering  revert  to  manual 
Field  of  Vision;  According  to  Samsung  SEV  -  III 

Do  not  start’;  At  Charging 

To  prevent  quick  start,  driver  has  to  foot  brake 
pedal  when  start 


13.0  Durability 

Warranty;  1  year  24,000  km  (min.) 

Target  Life 

Batteries;  1 ,000  Recharge  cycle 

Brakes;  120,000  km 

Shock  Absorbers;  1 50,000  km 
Tire;  50,000  km 


Batte.y  pack  replacement  in  field  service  possible 
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14.0  Maintenance 

Periodic  maintenance;  Check  transmission  oil 

Check  coolant 


15,0  Environment 

Temp.  Range:  -20“C  to  40°C  Operating 

-40“C  to  ’85“C  Storage 

Humidity  Range:  0  to  100%  Non-condensing 
Rain  on  Chas'sis:  Must  not  damage  or  impair  function 

Must  not  allow  any  current  leakage  from/into  electrical 
system 


16.0  Interfaces 

Electrical  Supply  to  Charger:  220  V  15  Amps.  60  Cycles 

Test  Equipment  Interface:  RS  232  C 

Tow  hooks  and  towing  provisions  2  in  front,  1  in  rear 

Vehicle  ID  Number  *  Assigned  by  Samsung 

Require  warning  level:  SAE  standard  on  high  voltage 

systems 
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Appendix  8:  BEV  Test  Report 


REVA 

Testing  Summary 

Prepared  by  Amerigon  Inc. 

Table  of  Contents 


I)  Vehicle  Dynometer  Testing 
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1.  Coastdowns 

2.  Battery  capacity 
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5.  Driving  Range 

6.  Battery  Charging 


Test  Report 

Prepared  by  Amerigon  Inc. 

I)  VEHICLE  TESTING 


A)  Test  Vehicle  Configuration 

Vehicle  Characteristics 


Test  load 
Curb  Weight 
F/R  Weight  Ratio 
Wheel  Base 
Track 
Length 
Width 
Height 

Ground  Clearance 

Turning  Radius 

Tires 

Wheels 

Pressure 

Brakes 


136  kg  (300  lb) 

645  kg  (1,420  lb) 

40%  /  60% 

1650  mm  (65.0  in) 

1181  mm  (46.5  in) 

2638  mm  (103.9  in) 

1324  mm  (52.1  in) 

1510  mm  (59.4  in) 

150  mm  (5.9  in) 

3350  mm  (131.9  in) 

145/60R14 

3.5”  X  14”  Aluminum  Alloy 
40  psi 

Four  wheel  dual  circuit  hydraulic  drum  brakes 
Integrated  regenerative  braking 


Battery  Characteristics 


Battery  Weight 
Battery  Capacity  (C-20) 
Battery  Energy  Density  (C-20) 
Battery  Pack  Voltage 
Battery  Pack  Current 
Charger 


240  kg  (528  lb) 
2345AH 
45WH/kg 
48V  nominal 
450A  maximum 
input  (220  V,  12  A) 
output  (48  V,  2KW) 


Drivetrain  Characteristics 


Motor  type 
Power  (peak) 
Power  (continuous) 
Torque  (max) 
Transmission 


DC  series 
12.7  KW 
5KW 
70  Nm 

7:1  single  gear  reduction  directly  coupled  to  motor 
drives  rear  wheels 
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Testing  was  mostly  conducted  in-house  at  the  Amerigon  Inc.  facility,  in  Monrovia 
California.  Vehicle  structure  and  electrical  component  testing  was  performed  in-house. 
Vehicle  drives  were  conducted  at  local  tracks  for  dynamic  and  range  tests.  Two  data 
acquisition  systems  were  employed,  one  for  speed  sensing,  and  the  other  for  electrical  and 
thermal  monitoring. 


C)  Test  Description 
1)  Coastdown 


Measured  Quantities 

Results 

2)  Battery  Capacity 

Measured  Quantities 

Results 

3)  Full  Throttle  Acceleration 


Due  to  the  lack  of  of  long  enough  coast  straight, 
coasting  was  done  in  2  sequences,  with 
deceleration  rate  in  g’s  recorded  between  3.3  to 
6.6  kph  and  37.3  to  43.9  kph.  Taking  lower 
figures  was  assumed  to  be  the  rolling  drag 
coefficient,  and  the  higher  minus  the  lower  figure 
to  be  the  v^  or  the  aero  drag  contribution. 

Speed 

Time 

This  tests  verifies  the  aerodynamic  and  rolling 
resistance  loss. 

The  vehicle  is  driven  at  a  constant  speed  until  the 
battery  voltage  drops  to  a  specified  end  of 
charge  voltage.  The  speed  selected  allow  the 
vehicle  to  operate  approximately  2  hours  before 
the  end  of  charge. 

Vehicle  speed 
Battery  current 
Battery  voltage 
Time 

This  test  determines  the  2  hour  capacity  of  the 
battery  pack. 

The  vehicle  is  accelerated  fi’om  0  km/hr  to  40 
km/hr  a  under  full  throttle  input.  The  test  is 
conducted  at  100%  SOC,  80%  SOC,  60%  SOC 
and  40%  SOC. 
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Measured  Quantities  -  Time 

Vehicle  speed 

Results  -  The  vehicle  acceleration  at  various  states  of 

charge  is  determined. 

4)  Constant  Speed  -  Vehicle  is  operated  at  constant  speeds. 

Measured  Quantities  -  Vehicle  speed 

Battery  current 
Battery  voltage 

Results  -  The  power  required  to  propel  the  vehicle  is 

calculated.  Inefficiencies  in  the  motor, 
controller,  and  transmission  can  be  calculated. 

5)  Driving  Range  -  The  vehicle  operator  performs  city  driving  and 

closed  track  constant  speed  driving. 

Measured  Quantities  -  Distance 

Batteiy  voltage 
Battery  current 

Results  -  Vehicle  range  can  be  estimated 

6)  Battery  Charging  -  The  battery  pack  is  charged  fi’om  full  discharge 

to  100%  SOC  using  the  on-board  charger. 

Measured  Quantities  -  Battery  current 

Battery  voltage 
Time 

Results  -  Battery  charging  energy. 

O  Test  Results  Summary 

1)  Coastdown 

The  rolling  drag  coefficient  was  measured  between  .0075  and  .0095  on  two 
vehicles  and  two  surfaces.  The  aero  drag  contribution  at  40  kph  was  .0090  times  an 
effective  mass  of  1720  lbs  indicating  a  CdA  of  about  10.0. 
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2)  Battery  Capacity 

The  REVA  was  tested  at  a  constant  speed  discharge  to  determine  the  battery 
capacity  at  approximately  the  2  hour  discharge  rate.  For  this  test  the  vehicle  was  operated 
at  a  constant  speed  which  corresponded  to  the  manufacture  suggested  2  hour  discharge 
current  of  80  amps.  The  vehicle  was  held  at  this  speed  until  the  battery  voltage  dropped 
to  43V.  This  pack  voltage  corresponds  to  a  cell  voltage  of  1.79V,  as  determined  by  BCI 
tests. 


Battery  capacity  at  this  speed  was  measured  to  be  160  amp  hours  or  7400  watt 
hours.  This  value  was  used  as  the  battery  capacity  baseline  and  other  states  of  charge 
were  determined  from  this  value.  Figure  1  indicates  the  amount  of  energy  removed  from  a 
fully  charged  battery  pack  to  conduct  lower  state  of  charge  tests. 


Figure  1  -  Battery  Capacity  at  Various  SOC 

%  SOC 

Enerev  Remainine  At  C2 

Enerev  Removed  from  Fullv  Chareed  Pack 

100%  SOC 

7400  watt  hours 

0  watt  hours 

80  %  SOC 

5920  watt  hours 

1480  watt  hours 

50  %  SOC 

3700  watt  hours 

3700  watt  hours 

3)  Full  Throttle  Acceleration 

The  vehicle  was  accelerated  at  full  throttle  for  battery  states  of  charge  of  100% 
SOC,  80%  SOC,  60%  SOC,  and  40%  SOC.  The  results  show  (figure  2)  that  less  power  is 
available  from  the  batteries  as  the  battery  state  of  charge  decreases.  This  decrease  in 
power  is  related  to  lead  acid  batteries'  tendency  to  have  a  greater  voltage  drop  at  lower 
states  of  charge. 


Figure  2  - 

Running  Chassis  Acceleration 

0-48  knh  Run 

100%  SOC 

80%  SOC 

60%  SOC 

40%  SOC 

1 

11.05  sec. 

11.29  sec. 

12.30  sec. 

13.37  sec. 

2 

11.03  sec. 

11.16  sec. 

11.70  sec. 

12.71  sec. 
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4)  Constant  Speed 


For  the  constant  speed  tests,  the  vehicle  was  operated  at  a  constant  speed  while 
the  power  out  of  the  battery  was  recorded.  The  power  required  at  the  vehicle  wheels  is 
also  recorded.  With  these  two  power  values  the  energy  lost  in  the  vehicle  drive  system 
can  be  determined.  Figure  3  shows  the  power  consumption  versus  vehicle  speed. 

Figure  3 

REVA2  Constant  Speed  Plot 


km/hr 

5)  Driving  Range 

The  range  of  the  REVA  was  tested  at  a  constant  speed  of  47  kph  was  124.3  km. 
City  driving  range  was  measured  at  78.9  km.  This  corresponds  well  to  a  simulated  driving 
range  of  80km. 


6)  Battery  Charging 

The  battery  charging  system  was  tested  to  determine  the  efficiency  of  the  batteries, 
as  well  as  the  efficiency  of  the  charger.  After  the  batteries  were  completely  discharged, 
the  battery  capacity  was  determined.  Charger  supply  power  was  a  standard  220  VAC  15 
amp  wall  outlet.  Battery  energy  was  measured  during  battery  charging.  With  these  two 
measurements  the  battery  charging  efficiency  could  be  calculated.  Figure  4  indicates  the 
measured  energy  capacity  and  battery  input  energy  values  for  the  charging  test.  Figure  5 
is  a  sample  charge  plot. 
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Figure  4  -  Charging  Data 


Battery  Capacity  (c2  rate) 
Energy  Into  Batteries 


7400kWhrs 

SOlOkWhrs 


Figure  5 


Appendix  9:  Photos  of  EV4  and  BEV  Tooling 
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RTM  Body  Side  Tool  (part  length  is  3640mnn,  height  1300mnn) 


AMERIGON 


BEV  Cowl  Forming  Die 


Appendix  10:  Finite  Element  Analysis  of  EV4  Chassis 
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Appendix  11:  Photos  of  BEV  Testing 
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Appendix  12:  Baseline  Testing  of  Running  Chassis 


Calstart  Running  Chassis 

Testing  Summary 

Prepared  by  Amerigon  Inc. 

I)  VEHICLE  DYNAMOMETER  TESTING 


A)  Test  Vehicle  Configuration 

Vehicle  Characteristics 


Wheel  base: 

Wheel  track  front; 
Wheel  track  rear: 
Vehicle  weight: 
Weight  distribution: 
Vehicle  height: 
Vehicle  length: 

Tire; 

Tire  diameter: 

Tire  width: 

Tire  pressure; 
Suspension  front: 
Suspension  rear: 
Steering: 

Brakes  front; 

Brakes  rear; 

Water  cooling  pump; 
Vacuum  pump: 


2.7  m  (105  in.) 

1.5  m  (59.5  in.) 

1.4  m  (55.5  in.) 

1201  kg  (2647  lb.) 

51  %  front  -  49%  rear 
1.44  m  (57  in.) 

4.4m  (172  in.) 

Pirelli  175  /  60  R  16  Prototype  low  rolling  resistance 
electric  vehicle  tire 
622  mm 
176  mm 
2  bar  (30  psi) 

BMW  double  pivot  McPherson  strut 
BMW  trailing  C-link 

BMW  rack  and  pinion  power  assisted  from  velocity 

controlled  312  V  DC  motor 

Vacuum  assisted  BMW  disk 

Vacuum  assisted  BMW  drum 

12  V 

12  V 


Battery  Characteristics 


Battery  type: 

Number  of  batteries; 
Configuration: 

Battery  pack  weight; 
Battery  pack  voltage: 
Battery  rating: 
Charging  voltage: 
Charge  current; 


Trojan  battery  DC78  lead-acid 
26  12  V 

Series  configuration,  6  batteries  in  front  and  rear  pack 
14  batteries  in  center  pack 
460  kg  (1014  lb.) 

312  V  nominal 
42  Ah  @C2 
110  VAC  or220  VAC 
single  phase  15  A 


Drivetrain 

Characteristics 

Motor  type: 

Controller  type: 

Motor  weight: 
Controller  /  charger 
weight: 

Power  peak: 

Power  continuous: 
Torque  peak: 
Torque  continuous: 
Maximum  speed: 
Cooling: 
Transmission: 

Gear  ratio: 


Hughes  Power  Control  System;  three-phase,  four-pole  AC 
induction 

Hughes  Power  Control  System;  three-phase,  four-pole  AC 

induction 

60  kg  (132  lb.) 

30  kg  (66  lb.) 

50  kW 
20  kW 
160  Nm 
53  Nm 
9000  rpm 

50  -  50  mixture  of  ethylene  glycol  and  water 

Front  wheel  drive,  double  reduction,  ring  and  pinion  type 

differential 

7.95  :  1 


B)  Data  Acquisition  System 

Testing  was  conducted  at  The  State  of  California  Air  Resources  Board 
(CARB)  Mobile  Source  Division  in  El  Monte,  California.  CARB  offered 
dynamometer  testing  time,  as  well  as  engineering  time  to  preform  the  tests. 
Three  data  acquisition  systems  (DAS)  were  used  through  out  the  testing.  These 
consisted  of  the  standard  dynamometer  equipment,  CARB's  Versatile  Data 
Acquisition  System  (VDAS),  and  the  Dolphin  system.  The  primary  data  was 
taken  with  the  standard  dynamometer  equipment  while  data  was  verified  with  the 
other  two  systems. 

C)  Test  Description 

1)  Coastdown  -  Vehicle  is  allowed  to  decelerate  from  60 

rnph  to  0  mph  under  the  dynamometer 

load 

Measured  Quantities  -  Speed 

Time 


Results 


This  tests  verifies  that  a  vehicle  on  the 
dynamometer  behaves  like  a 


vehicle  on  a  road 

2)  Battery  Capacity 
until  the 
end  of 

selected  allow  the 
2  hours  before 


The  vehicle  is  driven  at  a  constant  speed 
battery  voltage  drops  to  a  specified 
charge  voltage.  The  speed 
vehicle  to  operate  approximately 
the  end  of  charge. 


Measured  Quantities  -  Vehicle  speed 

Battery  current 
Battery  voltage 
Time 

This  test  determines  the  2  hour  capacity  of 
battery  pack.  This  value  is  used  to 
80%  SOC  and  50%  SOC  battery 


Results 

the 

determine  the 
states. 


3)  Full  Throttle  Acceleration 
mph 

conducted 

SOC. 


The  vehicle  is  accelerated  from  0  mph  to  60 
a  under  full  throttle  input.  The  test  is 

at  100%  SOC,  80%  SOC,  and  50% 


Measured  Quantities  -  Time 

Vehicle  speed 

Results  -  The  vehicle  acceleration  at  various  states 

of  charge  is  determined. 


4)  Constant  Speed 

Measured  Quantities 


Results 


calculated. 


Vehicle  is  operated  at  constant  speeds. 

Vehicle  speed 
Battery  current 
Battery  voltage 

The  power  required  to  propel  the  vehicle  is 
calculated.  Inefficiencies  in  the  motor, 

controller,  and  transmission  can  be 


5)  Driving  Range  -  The  vehicle  operator  follows  2  UDDS 

schedules  and  then  follows  2  HWFET 

driving  schedules. 


Measured  Quantities  -  Distance 

Battery  voltage 
Battery  current 


Results 


Vehicle  range  can  be  estimated 


6)  Battery  Charging 

discharge 

charger. 


The  battery  pack  is  charged  from  full 

to  100%  SOC  using  the  on-board 


Measured  Quantities 


Results 
calculated. 

C)  Test  Results  Summary 
1 )  Coastdown 

To  test  on  a  stationary  dynamometer,  input  data  consisting  of  vehicle 
loads  is  required.  These  inputs  allow  the  dynamometer  to  duplicate  the  loads 
the  vehicle  experiences  while  driving.  The  traditional  method  of  determining 
these  input  loads  is  to  conduct  vehicle  coastdown  test.  A  vehicle  is  allow  to 
decelerate  from  a  speed  of  approximately  60  mph  to  0  mph  while  in  neutral. 
Speed  is  recorded  as  a  function  of  time  so  that  the  retarding  forces  of  rolling 
resistance  and  aerodynamic  drag  can  be  calculated.  These  forces  are  then 
input  into  the  dynamometer  and  the  dynamometer  will  simulate  the  actual  driving 
loads. 


Battery  current 
Battery  voltage 
AC  source  current 
AC  source  voltage 

Battery  and  charger  efficiency  can  be 


The  CALSTART  Running  Chassis  is  a  prototype  spaceframe  design.  This 
spaceframe  can  accommodate  various  body  shapes  for  different  customers. 
However,  the  prototype  tested  does  not  have  an  exterior  body.  Because  there  is 
no  body,  traditional  coastdown  testing  would  not  offer  the  appropriate  driving 
loads.  Therefore,  road  loads  were  developed  using  a  computer  simulation  of  the 
Running  Chassis  with  a  large  four-door,  sedan  body.  The  simulated  coastdown 
data  (figure  1)  was  input  into  the  dynamometer  and  used  for  dynamometer 
calibration. 

The  dynamometer  calibration  was  verified  by  having  the  dynamometer  to 
accelerate  the  vehicle  to  60  mph  and  then  allowing  the  vehicle  to  coast  to  a  stop. 
The  speed  and  time  data  was  compared  to  the  input  values  and  the 
dynamometer  was  adjusted  to  correct  for  differences.  This  process  continued 
until  the  dynamometer  values  and  input  values  were  within  the  appropriate 
tolerances. 


Figure  1  -  Simulated  Coastdown 


2)  Battery  Capacity 

The  Running  Chassis  was  tested  at  a  constant  speed  discharge  to 
determine  the  battery  capacity  at  approximately  the  2  hour  discharge  rate.  For 
this  test  the  vehicle  was  operated  at  a  constant  45  mph,  a  speed  which 
corresponded  to  the  manufacture  suggested  2  hour  discharge  current  of  22 
amps.  The  vehicle  was  held  at  this  speed  until  the  battery  voltage  dropped  to 
273V.  This  pack  voltage  corresponds  to  a  cell  voltage  of  1.75V,  which  was 
determined  to  be  a  safe  end  of  charge  voltage.  Taking  the  batteries  to  a  lower 
voltage  is  possible;  however,  some  battery  damage  would  occur  and  battery  life 
would  be  decreased. 

At  a  constant  speed  of  45  mph  the  vehicle  operated  above  273V  for  7050 
seconds.  This  was  approximately  the  2  hour  discharge  that  was  desired. 

Battery  capacity  at  this  speed  was  measured  to  be  41.6  amp  hours  or  12800 
watt  hours.  This  value  was  used  as  the  battery  capacity  baseline  and  other 
states  of  charge  were  determined  from  this  value.  Figure  2  indicates  the  amount 
of  energy  removed  from  a  fully  charged  battery  pack  to  conduct  lower  state  of 
charge  tests. 


%  SOC 
Pack 


Figure  2  -  Battery  Capacity  at  Various  SOC 
Energy  Remaining  At  C2  Energy  Removed  from  Fully  Charofid 


100  %  SOC  12800  watt  hours 

80  %  SOC  10240  watt  hours 

50  %  SOC  6400  watt  hours 

0  watt  hours 

2560  watt  hours 

6400  watt  hours 

3)  Full  Throttle  Acceleration 

The  vehicle  was  accelerated  at  full  throttle  for  battery  states  of  charge  of 
100%  SOC,  80%  SOC,  and  50%  SOC.  The  results  show  (figure  3)  that  less 
power  is  available  from  the  batteries  as  the  battery  state  of  charge  decreases. 

This  decrease  in  power  is  related  to  lead  acid  batteries’  tendency  to  have  a 
greater  voltage  drop  at  lower  states  of  charge. 

1 - — - - — - - -  . 

Figure  3  -  Running  Chassis  Acceleration 

0_-  60  mph  Run  Number  100%  SOC 

80%  SOC 

50%  SOC 

1  17.27  sec. 

2  17.13  sec. 

17.76  sec. 

18.19  sec. 

21 .83  sec. 

25.28  sec. 

4)  Constant  Speed 

For  the  constant  speed  tests,  the  vehicle  was  operated  at  a  constant 
speed  while  the  power  out  of  the  battery  was  recorded  (Figure  4),  The  power 
required  at  the  vehicle  wheels  is  also  recorded.  With  these  two  power  values  the 
energy  lost  in  the  vehicle  drive  system  can  be  determined.  The  power  lost 
indicates  the  motor,  controller,  and  transmission  system  efficiency  (Figure  5). 


Figure  4  -  Constant  Speed  Power  Requirements 


Speed  (mph) 


Power  at  Batteries 
Power  at  Wheels 


Figure  5  -  Drive  System  Efficiency 


Speed  (mph) 


5)  Driving  Range 

The  range  of  the  Running  Chassis  was  tested  on  two  driving  scheduled, 
the  UDDS  and  the  HWFET.  These  schedules  are  standard  velocity  versus  time 
profiles  for  vehicle  driving.  For  this  test  a  operator  sat  in  the  vehicle  and 


operated  the  accelerator  pedal.  The  operator  watched  a  video  screen  which 
graphically  indicated  the  actual  vehicle  speed  and  the  appropriate  speed  for  the 
given  cycle.  The  operator  continually  manipulated  the  accelerator  pedal  to 
assure  the  vehicle  speed  was  the  same  as  the  desired  schedule  speed.  This 
continued  for  2  schedules.  The  distances  traveled  as  well  as  vehicle 
performance  are  indicated  in  figure  6.  The  range  estimate  is  derived  from  the 
energy  required  for  each  schedule  cycles  and  the  data  collected  from  the  battery 
capacity  test. 


Figure  6  -  Driving  Range 

Two  UDDS  Schedules 

Two  HWFFT 

Schedules 

Distance  Driven 

14.91  miles 

20.53  miles 

Gross  Energy  Out 

3.79  kW  hrs 

4.16  kWhrs 

Net  Energy  Out 

2.86kWhrs 

3.83  kW  hrs 

Percent  Regen 

24% 

8  % 

Energy  /  Mile 

192  W  hr  /  mile 

187  W  hr  /  mile 

Estimated  Range 

64.3  miles 

66.0  miles 

6)  Battery  Charging 


The  battery  charging  system  was  tested  to  determine  the  efficiency  of  the 
batteries,  as  well  as  the  efficiency  of  the  charger.  After  the  batteries  were 
completely  discharged  during  the  battery  capacity  test  they  were  fully  charged 
while  battery  power  and  AC  supply  power  were  monitored.  The  supply  power 
was  a  standard  220V  ac  15  amp  wall  outlet.  Power  was  measured  before  the 
charger,  and  before  the  batteries.  With  these  two  measurements  the  efficiency 
of  the  charger  could  be  determined.  With  the  tested  battery  capacity  and  the 
power  going  into  the  batteries,  the  charge  efficiency  of  the  batteries  could  be 
calculated.  Figure  7  indicate  the  measured  and  calculated  values  for  the 
charging  test. 


Figure  7  -  Charging  Data 

Battery  Capacity  (c2  rate) 

12.34  kWhrs 

Energy  Into  Batteries 

16.4  kWhrs 

Battery  Efficiency 

75% 

AC  Source  Output  Energy 

26.29  kW  hrs 

Charger  Efficiency 

62% 

II)  TRANSMISSION  SYSTEM  TESTING 


A)  Test  Vehicle  Configuration 

Gearbox:  Modified  Speedway  Engineering  Mini-stock  Quick 

Change 

Ring  and  pinion  gears;  Speedway  Engineering  4.1 1:1  ratio  and  5.38  ratio 

Change  gears:  National  hobbed,  spur  gears  16/28  teeth 

Boston  hobbed,  helical  gears  12/24  teeth 
Speedway  ground,  spur  gears  20/40  teeth 

Motor  type:  Hughes  Power  Control  System;  three-phase,  four- 

pole  AC 

induction 

Hughes  Power  Control  System;  three-phase,  four- 


Controller  type: 
pole  AC 


induction 


B)  Data  Acquisition  System 


Noise  testing  on  the  running  chassis  was  conducted  on  a  bench  top.  This 
assured  the  isolation  due  to  noise  from  gears  and  eliminated  the  rolling  noise  of 
the  tires.  The  gearbox  and  motor  system  were  removed  from  the  vehicle; 
however,  they  were  powered  by  the  batteries  and  controller  which  remained 
mounted  to  the  vehicle.  Testing  occurred  with  minimal  transmission  loading.  No 
load  conditions  resulted  in  a  louder  gearbox  because  of  gear  chatter  that  did  not 
exist  when  the  transmission  was  loaded. 

Noise  measurements  occurred  2  feet  in  front  of  the  gearbox.  These  were 
taken  with  an  Extech  407703  sound  level  meter.  The  background  noise  was  not 
significant  and  is  not  included  in  the  attached  data. 


C)  Test  Description 

1)  Ring  and  Pinion  Noise  Test-  Motor  is  rotated  at  various  speed  while 

energy  measurements  are  taken.  The 
ring  and  pinion  gear  ratios  are  changed 

for  each  test. 


Measured  Quantities  -  Motor  speed 

Noise  energy 

This  test  isolates  the  ring  and  pinion  gear 
effect  on  noise. 

2)  Change  Gear  Noise  Test  -  Motor  is  rotated  at  various  speeds  while 
•^o'se  energy  measurements  are  taken. 

The  gearbox  change  gears  are  changed  for 

each  test. 


Results 

ratio's 


Measured  Quantities 


Results 

and 

noise. 


Motor  speed 
Noise  energy 

This  test  isolates  the  change  gear  ratio's 
manufacturing  quality's  effect  on 


3)  Transmission  Fluid  Additive- 
noise 

Transmission 
compared  to  no 


Motor  is  rotated  at  various  speeds  while 
energy  measurements  are  taken, 
fluid  additive  is  added  and 
addictive. 


Measured  Quantities 


Motor  speed 
Noise  energy 


Results 


This  test  isolated  the  effect  of  transmission 
additives  on  noise. 


4)  Component  Efficiency 

gears, 

identify  the 

loss. 


Motor  is  rotated  at  various  speeds  with  no 
as  well  as  with  change  gears  to 
individual  contributions  to  energy 


Measured  Quantities  -  Motor  speed 

Battery  current 
Battery  voltage 

Results  -  This  test  isolated  the  seal  and  gear  energy 

losses. 

D)  Test  Results  Sumnnary 

Because  electric  motors  produce  very  little  noise,  electric  vehicle  noise  is 
largely  effected  by  road  and  gearbox  sounds.  In  an  effort  to  reduce  the  vehicle 
noise  in  the  Running  Chassis  the  gearbox  was  tested  for  component  noise 
contribution  and  noise  reduction  techniques  were  tested.  The  Running  Chassis 
gearbox  consists  of  a  ring  and  pinion  differential  section  and  a  single  reduction 
change  gear  section.  The  differential  section  is  similar  to  the  rear  end  differential 
of  a  standard  rear  wheel  drive  vehicle.  A  ring  and  pinion  gear  drives  a 
differential  to  power  the  wheels.  The  change  gear  section  contain  a  single 
reduction  set  of  gears.  These  are  mounted  on  shafts  that  have  a  quick  access 
cover.  This  cover  allows  the  change  gears  to  be  quickly  changed  for  testing 
purposes.  As  part  of  the  transmission  testing  these  two  sections  were 
individually  tested  for  noise  contribution.  Transmission  lubrication  fluid  was  also 
investigated  and  tested  for  possible  noise  reductions. 


1)  Ring  and  Pinion  Noise  Test 


The  effect  of  ring  and  pinion  gear  ratio  was  tested  by  measuring  the  gear 
box  noise  at  various  motor  speed  for  different  ring  and  pinion  ratios.  The  tests 
indicated  that  the  larger  gear  rotation  is  quieter  (Figure  8).  This  was  expected 
because  the  larger  ratio  allows  more  surface  area  for  gear  contact.  This  larger 
area  eliminates  some  of  the  chatter  as  the  gear  teeth  come  in  contact  with  each 
other. 


Figure  8  -  Ring  and  Pinion  Noise  Tests 


Motor  Input 

4.11:1  Ratio 

5.38  Ratio 

1000  RPM 

80  db 

80  db 

2000  RPM 

87  db 

85  db 

3000  RPM 

92  db 

88  db 

4000  RPM 

95  db 

93  db 

5000  RPM 

98  db 

96  db 

7500  RPM 

103  db 

99  db 

2)  Change  Gear  Noise  Test 

To  test  the  noise  contribution  of  the  change  gear  section  the  motor  was 
operated  at  various  speeds  for  an  assortment  of  change  gears.  The  gears 
tested  consisted  of  a  set  of  National  brand  hobbed,  spur  gears;  a  set  of  Boston 
brand  cut,  helical  gears;  and  a  set  of  Speedway  brand  ground,  spur  gears. 
Figure  9  indicates  the  measured  values  for  various  motor  speeds. 


Motor  Input 

Figure  9  -  Change  Gear  Noise  Tests 

Hobbed.  Spur  Gear  Cut  Helical  Gear  Ground.  Sour  Gf?ar.<? 

1000  RPM 

80  db 

76  db 

80  db 

2000  RPM 

85  db 

80  db 

87  db 

3000  RPM 

88  db 

88  db 

92  db 

4000  RPM 

93  db 

94  db 

98  db 

5000  RPM 

96  db 

94  db 
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3)  Lubricant  Additive  Test 

The  final  noise  test  conducted  on  the  gearbox  tested  commercially 
available  transmission  fluid  additives.  To  conduct  this  test  baseline 
measurements  were  taken  with  80  weight  gear  oil.  A  second  set  of 
measurements  was  then  taken  with  a  commercial  additive  added  to  the  gear  oil. 
The  commercial  additive  did  reduce  the  noise.  The  noise  reduction  can  be 
attributed  to  higher  viscosity  fluid.  Figure  1 0  summarizes  the  results. 


Figure  10  -  Lubricant  Additive  Test 
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Pollution.  That’s  the  buzz¬ 
word  nowadays.  Air  pollu¬ 
tion,  sound  pollution, 
water  pollution,  plastic  pol¬ 
lution,  CFG  pollution  — 
name  it  and  it’s  polluting 
something.  But  what  governments 
the  world  over  are  most  concerned 
about,  today,  is  air  pollution. 

it  has  been  argued  that  in  urban 
areas,  automobile  exhaust  emissions 
are  the  chief  cause  of  air  pollution. 
And  as  the  number  of  cars  increases 
steadily,  so  does  the  pollution.  Thus, 
legislation  has  been  brought  in  to 
curb  exhaust  emissions.  California, 
USA,  for  example,  has  the  most 
stringent  regulations  anywhere  in  the 
world  because  the  dense  automobile 
population  there  is  the  cause  of  some 
of  the  most  polluted  cities  in  the 
world.  The  regulations  are  based  on 
a  theory  called  Trickle-down  Emission 
Control,  the  general  idea  being  to 
introduce  new  low-emission  cars 
which  will  gradually  increase  in  num¬ 
ber  over  time.  Over  the  same  time, 
people  will  start  scrapping  their  old 
cars.  Thus,  pollution  levels  will  even¬ 
tually  decline  as  there  will  only  be 
newer,  low-emission  cars  on  the 
roads.  In  reality,  though,  trickle-down 
emission  control  has  networked  very 
well  and  never  will  —  people  are  senti¬ 
mental,  thrifty  and  sometimes  just 
plain  unable  to  afford  new  cars. 
Therefore,  as  long  as  older  and/or 
poorly-maintained  cars  remain  on  the 
roads,  the  problem  of  pollution  will 
not  go  away. 

In  fact,  years  after  emission  regu¬ 
lations  were  first  implemented,  the 
air  in  California  remains  polluted. 
According  to  one  report,  the  pollution 
in  the  air  in  the  Los  Angeles  area 
exceeded  the  maximum  levels 
allowed  on  1 24  and  118  days  in 
1 993  and  1 994  respectively.  Closer 
to  home,  in  New  Delhi,  pollution  levels 
at  peak  traffic  hours  are  so  high  the 
supreme  court  has  deemed  it  neces¬ 
sary  to  direct  the  Gas  Authority  of 
India  to  look  at  the  possibility  of 
propane  as  an  alternative  fuel. 

As  always,  California  has  decided 
to  take  a  tough  stand  against  air 
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pollution  and  regulations  now  specify 
that  by  2003  AD.  ten  per  cent  of  all 
cars  sold  must  have  zero  emissions. 
This  can  only  be  achieved  by  electric, 
solar  and  hydrogen  propulsion.  Con¬ 
sequently,  research  is  on  in  labs 
around  the  world  to  make  alternative 
energy  sources  viable.  GM,  which  is 
working  on  several  different  sources 
of  energy,  including  solar,  has  been 
working  on  the  Impact  project  which, 
till  date,  has  produced  an  electric 
vehicle  but  at  a  very  high  cost.  The 
company  only  recently  put  its  electric 
car  into  serious  production. 

Meanwhile,  others  have  con¬ 
verted  everyday  cars  to  electric 
motor,  drive.  Peugeot  has  an 
electrique  version  of  the  106  small 
car,  while  Citroen  has  done  the  same 
to  its  AX  model.  Oxford,  the  university 
town  in  England,  has  even  applied  the 
EV  (electric  vehicle]  concept  to  the 
town  bus,  and  in  France,  cities  are 
completely  backing  EV  projects  —  city 
municipalities  have  made  parking 
free  for  EVs,  mqking  it  easier  to  use 
them  for  in-town  running.  The  ideal 
situation  would  be  for  people  to  drive 
to  one  of  several  EV  stands  around  a 
city,  hire  an  EV  and  go  into  town. 
After  completing  one’s  work,  one 
simply  returns  to  the  stand  and 
drives  off  in  one’s  own  car! 

Yet,  the  EV  is  not  completely  prob¬ 
lem-free.  Most  existing  EVs  have 
been  built  around  existing 
petrol/diesel  car  designs.  The  result 
is  that  the  car  tends  to  weigh  more 
than  the  fossil  fuel  equivalent,  thanks 
to  its  hefty  lead-acid  batteries.  This  is 
a  vicious  circle  —  more  weight 
means  more  power  is  required. 
More  power  means  more  batteries 
are  required  and  more  batteries 
mean  more  weight,  and  also  more 
time  to  recharge.  Current  lead-acid 
battery  technology  is  incapable  of 
providing  a  really  good  working 
range.  Currently,  more  range  means 
more  power  required.  More  power 
required  means  more  batteries. 
More  batteries  means...  You  get  the 
picture. 

At  a  seminar  on  EVs  however,  it 
was  pointed  out  that  the  only  way  to 


introduce  zero-emission  vehicles  was 
to  go  in  for  lead-acid  batteries  in  the 
short  term,  whilst  continuing 
research  on  nickel-cadmium  batter¬ 
ies  to  bring  the  price  down.  As  things 
stand,  though,  we  are  stuck  with  the 
lead-acid  battery  though  better  pro¬ 
duction  processes,  design  improve¬ 
ments  and  optimisation  through  the 
use  of  newer  materials  have  resulted 
in  more  reliable  and  longer-life 
batteries. 

At  Oxford,  they  found  a  way 
around  the  weight,  cost  and  charging 
time  problems,  A  compromise  actu¬ 
ally:  the  number  of  batteries  on  board 
the  City  Circuit  Electric  Bus  is  limited 
to  'route  specific’  requirements. 
After  s  full  overnight  charge,  several 
partial  recharges  en  route,  plus 


regenerative  braking,  the  bus  winds 
safely  on  its  rounds  through  the  city. 

But  the  batteries  require  space. 
While  a  bus  may  have  a  lot  of  space 
available,  the  only  available  space  in  a 
car-turned-EV  is  the  boot.  Therefore 
you  lose  out  on  luggage  space.  And 
though  it  may  be  possible  to  use 
nickel-cadmium  batteries,  current 
nickel-cadmium  technology  comes 
with  an  exorbitant  price  tag  — 
60,000  French  francs  for  one  car. 
Don’t  even  bother  to  convert  that  into 
rupeesi  And  when  you  realise  that 
the  electrique  car  costs  about  one- 
and-a-half  times  (without  batteries] 
the  price  of  the  petrol  version,  you 
begin  to  wonder  what  the  point  of  it 
all  is. 

Government  support  is  crucial  to 
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the  promotion  of  any  new  concept. 
Subsidies,  exemption  from  excise 
duty,  sales  tax  concessions  all  go  a 
long  way  in  getting  a  venture  off  the 
ground.  Nowhere  is  this  more  true 
than  for  something  as  radical  as  an 
electric  vehicle.  Legislation  could 
force  the  use  of  more  EVs  in  everyday 
work  specially  at  airports,  for  school 
buses,  at  electricity  boards  and  as 
public  transportation. 

The  solution  could  well  lie  in  a 
rethink  on  the  EV.  Instead  of  convert¬ 
ing  existing  cars,  a  grounds-up 
design  for  an  EV  would  work  out 
much  cheaper.  In  such  a  case,  the 
designer  knows  exactly  what  he  or 
she  wants  to  do.  This  is  the  thinking 
of  many  designers  today.  Like  at  GM. 
whose  Impact  costs  over  30,000 


dollars.  And  Maini 
Amerigon  in  India 
whose  REVA  costs  a 
fraction  of  the  Impact. 

THE  MAINI  STORY 

The  Maini  Group  has 
come  a  long  way  since 
the  day  it  started  off 
with  just  ten  men. 

The  group’s  annual 
turnover  is  well  over 
the  Rs  50  crore  mark 
and  there’s  no  sign  of 
the  growth  abating.  The  group  com-  California  under  the  presidentship  of 
prises  Bangalore  Commercial  Dr  Lon  E  Bell  who  is  the  recipient  of 
Corporation,  Maini  Industrial  Consul-  over  30  patents  and  has  developed 
tants,  Maini  Precision  Products,  sensitive  seatbelt  retractors,  glow- 
Maini  Materials  Movement  and  Maini  plug  controllers,  airbag  crash  sen- 
Granites.  sors  and  pressure  and  vacuum 


It  started  in  1 973  with  Sudarshan  sensors  for  diesel  engines.  Amerigon 


Kumar  Maini  giving  up 
his  job  at  MICO  to 
strike  out  on  his  own; 
today  Maini  Precision 
Products  is  a  major 
supplier  of  compo¬ 
nents  like  diesel  fuel  fil¬ 
ters,  hand  primers  and 
filter  inserts  to  MICO. 
The  major  activity  of 
the  company  is  to  man¬ 
ufacture  and.  export 
high-precision  auto 
components  to  Europe 
and  America:  its  cus¬ 


tomers  include  GM,  Bosch,  Lucas 
and  Blue  Giant. 

Maini  Materials  Movement  was 
born  out  of  a  need  to  transport  men 
and  materials  in  a  non-polluting  man¬ 
ner  at  the  Maini  Precision  Products 
plant.  Indeed,  the  contrast  between 
materials  movement  methods  in 
India  and  those  in  developed  coun¬ 
tries  was  glaringly  obvious.  The  com¬ 
pany  was  not  afraid  to  look  towards 
local  talent  and  designer  Rajesh 
Mirajker  was  roped  in  to  design  an  EV 
for  VIP  use  in  factories. 

Now,  the  Maini  Group  is  all  set  to 
enter  the  domestic  market  in  a  big 
way  with  its  latest  venture  —  the 
Maini  Amerigon  Car  Company  which 
will  mass-produce  EVs  in  India. 
Amerigon  Incorporated  is  based  in 


has  also  designed  and  built  the  first 
EV  with  an  aluminium  spaceframe  in 
the  US  and  manages  EV  pro¬ 
grammes  for  the  US  government  and 
California  state  agencies. 

-According  to  the  Maini  Group 
chairman,  Dr  Bell’s  son  and  Chetan 
Maini  worked  together  on  the  Sun- 
raycer.  And  it  was  while  visiting 
Chetan  in  1  994  that  he  met  Dr  Bell. 
The  idea  of  a  city  EV  for  India,  the 
REVA,  was  born  there,  and  in  the 
December  of  ’94  an  MOU  was 
signed.  Amierigon  and  Maini  are  joint 
venture  partners  in  a  new  company 
and  the  FIPB  has  recently  cleared  it 
for  a  foreign  equity  participation  of 
67  per  cent.  While  Sudarshan  Maini 
will  be  the  chairman,  Amerigon  and 
Maini  will  have  two  members  each  on 
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the  board,  while  0  P  Khanna  is  the 
managing  director. 

The  factory  will  be  put  up  at  Malur, 
50km  from  Bangalore  on  the  Chen- 
nai/Kolar  road.  The  Karnataka  gov¬ 
ernment  has  put  up  an  industrial 
estate  there  similar  to  Peenya 
and  Bommasandra.  Fifteen  acres  of 
land  are  available  to  Maini  Amerigon, 
and  the  plan  is  to  invest  30  crores  in 
a  100,000-square-foot  factory. 
Funding  will  be  done  by  Maini, 
Amerigon  and  venture  capital.  The 
banks  will  be  approached  only  for 
working  capital. 

Considering  the  cost  of  the  project 
and  the  selling  price  of  Rs  1.B  lakh 
for  the  car,  one  has  to  wonder  what 
sort  of  production  figures  will  be 


required  to  break 
even.  Sudarshan 
Maini  is  confident: 

“Six  thousand  cars 
is  the  initial  capac¬ 
ity  of  the  plant. 

We  plan  to 
achieve  full  capac¬ 
ity  within  the  first 
two  years  of  start¬ 
ing  the  plant.  As 
per  our  project, 
we  will  break  even 
at  4,500  cars.” 

□  P  Khanna 
adds:  “Initially  we  are  targetting  the 
city  of  Bangalore  only.  We  hope  to 
enter  into  the  market  with  about  75 
per  cent  indigenous  content.  The 
exact  figure  may  vary  a  bit,  as  negoti¬ 
ations  on  the  price  are  on  with  suppli¬ 
ers.” 

An  important  factor  affecting  the 
decision  of  buyers  is  the  cost/kilome¬ 
tre  which,  of  course,  will  vary  from 
state  to  state.  As  the  REVA  con¬ 
sumes  10.5  units  over  60km  (a  con¬ 
servative  estimate),  the  cost  per 
kilometre,  based  on  [heavily  sub¬ 
sidised)  Rs  2,50  per  unit,  works  out 
to  43  paise  per  kilometre.  With  an 
80km  range,  the  cost/kilometre  fails 
to  just  33  paise.  For  a  car  that 
returns  figures  of  1 5kpl,  with  petrol 
at  Rs  25  per  litre  and  diesel  at  nine 
rupees,  the  cost  per  kilometre  in 
Bangalore  works  out  to  Rs  1 .66  and 
60  paise  per  kilometre  respectively. 
The  REVA  is  obviously  much  cheaper 
than  either  a  petrol  or  diesel  equiva¬ 
lent! 

□  P  Khanna 
feels  this  will  be  a 
major  deciding 
factor,  along  with 
the  price  of  the  EV 
for  the  targetted 
market  —  stu¬ 
dents,  profession¬ 
als,  housewives 
out  shopping,  and 
mothers  trans¬ 
porting  children 
to  and  from 
school.  Negotia¬ 
tions  are  on  with 


the  Karnataka  State  Electricity 
Board,  the  Bangalore  Development 
Authority  and  other  urban  develop¬ 
ment  agencies  for  subsidised  elec¬ 
tricity,  special  plug-points  in 
high-rises,  free  parking  and  other 
concessions. 

With  the  REVA  launch  planned  for 
late  this  year,  Maini  Amerigon  has  a 
year  in  hand  to  get  the  negotiations 
and  all  the  infrastructural  support 
issues  sorted  out.  Only  then  will  the 
EV  be  a  viable  alternative. 

THE  REVA 

I  love  listening  to  car  exhausts.  I’m 
the  sort  of  guy  who  can  sit  by  a  race 
track  the  whole  day  listening  to  the 
cars  going  past  and  then  go  home 
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satisfied  that  IVe  done 
a  good  day’s  work.  I 
also  love  to  drive  cars. 

Sometimes  I  get  to 
drive  them  before  any¬ 
body  else:  perks  of 
the  job,  you  see.  I’ve 
marvelled  at  a  turbo¬ 
diesel  and  sworn  at  a 
particular  one-litre 
car.  I’ve  hit  tram 
tracks  at  SDkph  on 
rally-proven  suspen¬ 
sions  and  lurched 
drunkenly  whilst 
changing  lanes  at 
speed.  But  I  was 
totally  bereft  of  feel¬ 
ings  when  1  was  told 
to  drive  Maini 
Amerigon’s  REVA. 

You  see,  the  REVA  is  an  electric  vehi¬ 
cle  or  EV.  Electric  —  that  means  no 
exhaust  note.  How  do  you  get  turned 
on  by  a  car  that  has  no  exhaust  note? 

To  get  an  idea  of  EVs,  I  went 
across  to  the  Maini  Materials  Move¬ 
ment  plant  and  drove  an  electric  1 5- 
ton  tow  tractor  —  the  sort  used  in 
airports  the  world  over.  Then  it  was 
onto  the  REVA. 

The  first  thing  I  noticed  was  the 
car's  radical  two-box  styling.  But 
something  was  wrong  somewhere,  it 
didn’t  quite  feel  right.  Maybe  it  was 
the  excess  space  in  the  door  shut¬ 
lines.  Maybe  it  was  the  ‘home-made’* 
look  of  the  design,  or  the  cheap  indi¬ 
cator  lights,  sourced,  perhaps,  from 
a  manufacturer  of  cheap  toys.  So  I 
decided  to  call  in  an  expert  on  auto¬ 
motive  design.  More  on  this  later. 

Back  to  the  car.  Open  the  bonnet 
and  a  space  is  revealed.  Quite  a  large 
space.  Even  after  the  spare  tyre  and 
the  brake  fluid  reservoir,  there  is 
bags  of  room  left  over.  And  above  the 
firewall  there’s  a  shelf  which  could 
easily  be  turned  into  additional  stor¬ 
age  space. 

I  decide  to  check  out  the  interior. 
Surprisingly,  getting  in  through  either 
of  the  two  doors  of  the  REVA  is 
refreshingly  simple  compared  to  the 
‘side-twist-and-flop’  one  has  to  per¬ 
form  to  get  into  modern  cars  nowa¬ 


days.  Apparently,  the  entrance  has 
been  designed  with  sari-clad  ladies  in 
mind.  Good  on  yer,  mates! 

Once  in,  the  bench-type  seat, 
which  covers  the  eight  six-volt  batter¬ 
ies,  is  firm  and  supportive.  I  cast  my 
eye  around  the  cabin  —  there  is  a 
rear  seat,  but  just  about.  It  is  much 
better  folded  back,  to  make  use  of 
the  resulting  space  for  luggage.  The 
seatbelts  mounted  on  the  B-pillars 
ensure  that  this  little  car  conforms  to 
the  Motor  Vehicles  Act.  Although 
there  is  a  cabin  light,  it  is  not  a  cour¬ 
tesy  light.  For  a  short  person  like 
myself  there  is  ample  headroom 
though  the  narrow  track  means  the 
passenger  has  to  slant  his  legs 
across  the  cramped  footwell  to  be 
comfortable.  Sliding  glass  windows 
with  a  simple  catch  do  away  with 
greasy,  mucky  window  glass  that 
always  seem  to  give  trouble  when  it 
rains.  Very  minimalist  here. 

The  moulded  plastic  facia  is  rather 
futuristic  —  it  incorporates  an  oval 
instrument  binnacle  housing  an  oval 
speedometer,  a  battery-charge  indi¬ 
cator,  and  oval  indicator  lights.  There 
is  a  double-throw  rotary  switch  for 
selecting  drive  on  the  facia,  to  the 
right  of  the  steering  wheel  — 
reverse,  neutral  and  forward.  Just 
below  the  facia  is  the  parking  brake. 

Seated  in  the  cabin,  with  the  win¬ 


dows  shut,  you  begin 
to  feel  uncomfort¬ 
able  after  a  white. 
The  car  lacks  an  air- 
conditioner.  But 
Maini  Amerigon  has 
a  trick  up  its  sleeve 
—  production  mod¬ 
els  will  come  with  cli¬ 
mate  control  seats 
(an  Amerigon 

patent]  where  the 
seat  temperature 
itself  can  be  varied. 

The  Trojan  batter¬ 
ies,  under  me,  are 
connected  in  series. 
There  is  a  single¬ 
point  automatic 

watering  system  and 
T/ the  watering  is  done 
once  a  week.  The  batteries  are 
enclosed  in  a  moulded  polypropylene 
box.  The  charger  handles  voltages 
between  170  to  960  volts  and  can 
charge  upto  80  per  cent  from  a  fully- 
discharged  condition  in  three  hours. 
Full  charging  is  done  in  eight  hours, 
the  extra  five  hours  is  for  equalising 
the  batteries.  A  DC-DC  converter  is 
used  to  step  the  voltage  down  from 
48  volts  to  1  2  volts,  to  operate  the 
lights,  wipers  and  accessories  such 
as  a  radio. 

The  high  point  of  the  REVA  is  the 
EMS  —  the  energy  management  sys¬ 
tem  is  an  Amerigon  component 
which  continuously  monitors  the  bat¬ 
teries,  records  power  consumption 
and  uses  algorithms  to  extend  range 
and  battery  life.  A  microprocessor- 
based  system,  it  is  completely  self¬ 
diagnostic  and  has  an  interface 
which,  when  connected  to  a  laptop, 
provides  information  to  the  service 
technician.  It  also  controls  a  battery- 
charge  indicator  on  the  instrument 
panel  and  just  below  the  facia  is  a  dig¬ 
ital  display  of  a  smart  gauge  —  the 
EMS  display.  In  production  models, 
though,  the  EMS  display  may  be  relo¬ 
cated  elsewhere. 

By  now  curiosity  has  got  the  better 
of  me  and  I  had  to  drive  the  car.  The 
procedure  is  very  simple.  Turn  the 
key,  then  turn  the  rotary  switch, 


CHETAIM  MAIISII 

hetan  Maini  is  the  project  man¬ 
ager  (AEV)  at  Amerigon  Incor- 
porated.  He  was  the  key 
/design  team  leader  and  crew  mem- 
^ber  of  the  University  of  Michigan’s 
solar-powered  car  which  came  first 
In  the  GM  Sunrayce  in  the  US  and 
third  at  the  World  Solar  Challenge 
in  Australia.  Later,  he  was  the  powertrain  team  leader  for  the  Stanford 
hybrid  electric  car  project  where  he  worked  on  the  development  of  a  high- 
[efficiency  AC  induction  drivetrain.  At  present  he  is  the  man  behind  the 
design  development  of  prototype  fabrication  of  an  EV  for  the  Indian 
market. 

AUTO  INDIA:  What  is  the  future  of  the  internal  combustion  engine,  as  we 
know  it,  and  what  are  the  ‘clean*  alternatives  to  fossil  fuels? 

CHETAN  MAINI:  The  future  of  the  1C  engine  is  still  very  bright  as  we  have 
petrol  reserves  for  the  next  50  years.  The  cleaner  alternatives  to  fossil 
fuels  include  fuel  cells,  hydrogen,  solar  batteries  and  flywheels. 

Al:  What  was  learnt  from  the  GM  Sunraycer  project  of  which  you  were  a 
part  at  the  University  of  Michigan? 

CM:  The  Sunraycer  project  helped  us  optimise  the  efficiency  of  the  vehi¬ 
cles  and  also  better  understand  the  parameters  that  affect  a  vehicle’s 
performance. 

Al:  Has  anything  from  the  project  been  incorporated  in  the  REVA? 

CM:  The  simulation  along  with  the  system  design  approach  was  directly 
transferable  from  the  Sunraycer  project. 

Al:  Apart  from  basic  EV  specifications,  what  design  elements  of  the 
REVA  are  particularly  relevant  to  India? 

rCM:  The  small  turning  radius  allows  easy  manoeuvrability  and  parking. 
Then  too  the  higher  seating  allows  easy  entry/egress  especially  for  sari- 
clad  women.  The  ABS  panels  prevent  dents  in  the  event  of  low-speed 
collisions,  and,  lastly,  there  are  the  heated  and  cabled  seats. 

Al:  Considering  the  need  for  internal  space,  and  considering  the  space 
available  under  the  bonnet,  why  was  a  rear-wheel-drive  configuration 
selected? 

CM:  Three  reasons:  Lower  costs  as  it  avoids  the  use  of  CV  and  universal 
joints;  it  packages  better;  and  it  gives  more  crush  space  in  the  event  of 
frontal  collisions,  thereby  increasing  safety. 


which  turns  with  an  awful  clack  to 
select  forward  drive.  Then  slowly 
press  the  accelerator.  As  the  series 
motor  starts  up,  there  is  a  loud  high- 
pitched  hum  from  the  rear  which  dies 
down  as  you  start  moving.  The  very 
high  torque  is  immediately  available, 
so,  should  you  choose  to  jam  your 
foot  down,  the  REVA  will  shoot  for¬ 
ward  at  a  very  high  rate  of  accelera¬ 
tion,  Want  to  reverse?  Two  awful 
clacks  this  time  as  you  move  the 
switch  through  neutral  to  reverse 
drive.  Careful  as  you  step  on  the 
pedal,  for  the  same  acceleration 


applies  in  reverse  drive  too  —  one 
must  keep  a  foot  on  the  brake  and 
use  it  like  a  clutch  while  reversing.  I 
was  assured  later  that  the  computer 
could  change  the  reversing  charac¬ 
teristics. 

Driving  over  speed-breakers 
requires  a  certain  knack,  I  discov¬ 
ered.  Not  too  fast  an  approach  or  the 
live  solid  axle  will  cause  you  to  bounce 
over  it.  Too  slow  and  the  car  stops 
dead.  Funnily  enough.  I  kept  thinking 
of  changing  down  to  second  gear  as  I 
approached  them. 

The  DC  motor  from  GE  is  mounted 


directly  onto  the  live  rear  axle  and  is 
coupled  through  a  7:1  ratio  differen¬ 
tial.  Top  speed  is  65kph  on  fully- 
charged  batteries,  and  with  the  foot 
down,  the  REVA  pulls  strongly  up 
inclines.  The  chopper-controlled 
motor  has  a  built-in  regenerative  sys¬ 
tem  for  braking.  For  higher  braking 
demands,  the  hydraulic  system  is 
engaged  and  the  chopper  circuit, 
from  Curtis,  is  protected  from  over¬ 
heating  and  short-circuits.  In  fact, 
the  four-wheel  dual-circuit  hydraulic 
system  operating  the  drum  brakes  is 
the  only  major  component  which  is 
still  conventional. 

The  steering  wheel  is  comfortable 
to  hold,  while  the  rack-and-pinion 
steering  is  direct  and  has  a  short 
turning  circle  diameter  of  6.6 
metres.  The  REVA  is  easily  control¬ 
lable  with  one  hand  at  low  speeds. 
The  front  suspension  is  independent 
and  comprises  MacPherson  struts 
with  a  lower  control  arm;  the  rear 
suspension  is  somewhat  primitive  — 
leaf  springs  with  telescopic  dampers. 
Talks  are  on  with  leaf  spring  manufac¬ 
turers  regarding  the  implementation 
of  a  single  parabolic  leaf  spring. 

Charging  around  the  shopfloor 


(not  nny  idea  of  a  test  track)  and 
the  dirt  road  leading  out  of  the 
factory,  I  found  myseif  quite  liking 
the  car’s  quick  responses.  But  try 
to  turn  the  REVA  with  your  foot  on 
the  accelerator  and  it  understeers 
massively  despite  the  low-profile 
145/60  R14  Michelin  tubeless 
radials. 


The  REVA  weighs  672kg,  of  which 
the  Trojans  account  for  240kg.  The 
chassis  Is  composed  of  MIG-welded 
rectangular  and  tubular  steel  sec¬ 
tions.  All  body  and  interior  mounting 
points  are  directly  welded  onto  the 
chassis  and  before  final  assembly  the 
entire  frame  is  zinc-coated.  The  exte¬ 
rior  body  is  comprised  of  thermo- 
formed  high-impact  ABS  panels  — 
fenders,  doors,  tail-lights  —  while  the 
bonnet  and  roof  are  of  resin  transfer 
processed  fibreglass/resin  com¬ 
pound.  Charging  is  done  via  a  stan¬ 
dard  Indian  1 5A  wall  plug. 

What  draws  my  interest  is  that 
there  is  no  oil  to  be  changed,  no  body 
rust  to  be  dealt  with,  no  starter 
motor  to  get  jammed.  Driving  the 
REVA  is  like  driving  a  car  with  auto¬ 
matic  transmission.  My  only  worry  is 
the  differential  which  seems  to  jut  out 


REBONISAHA,  an  industrial  and  automotive  designer 
based  in  Goa,  writes  of  her first  impressions  of  the  little 

electric  vehicle. 

Electrics  are  not  new.  Time  and  again  we’ve  seen  little  dabbas  bolted 
onto  a  motor  and  battery.  All  very  noble.  But  in  their  hurry  they  for¬ 
got  that  nobody,  but  nobody  likes  to  be  seen  in  excuses  for  vehicles. 
And  that’s  where  the  little  REVA  has  me  ecstatic.  Unlike  so  many  of  our 
myopic  Indian  companies,  Maini  Amerigon  has  invested  in  design.  May 
the  company  be  rewarded  handsomely  for  its  foresight.  And  now,  having 
jumped  onto  the  design  bandwagon,  we  shall  critique. 

Apart  from  commendable  fit-and-finish,  many  accepted  details  have 
been  used  from  the  present  automotive  design  idiom.  Merged  well,  mind 
you,  not  just  slapped  on.  The  Fiat  Ritmo/Strada-style  car  bra,  those  slab 
sides  with  gentle  negative  curves  —  a  favourite  with  the  new  jellybeans. 
The  Mazda  Xedos,  the  Ford  Taurus  and  a  host  of  Hyundais  have  got  peo¬ 
ple  to  appreciate  this  as  a  new  aesthetic.  So,  where  else  could  it  be  justi¬ 
fied  more  than  on  an  already  slab-sided  electric  car? 

Looking  at  the  rear  though  gets  me  uncomfortable.  Those  oh-so-dif- 
ferent  rear  lamps  curving  nicely  around  the  rear  —  they  have  character, 
yet  they  sit  too  large  and  too  close.  Such  backsides  suit  Ferrari-esque 
wheelbases  —  wide  and  slim.  The  profile?  Well,  imagine  this:  Enter 
neighbour’s  kid  Raju.  With  pencil  in  hand  he  sees  the  side  view  and  draws 
an  angled  windscreen  levelling  off  into  a  straight  roofline.  Past  the  B-pil- 
lar  as  he  decides  to  take  the  plunge,  images  of  jellybeans  flash  through 
his  mind.  “Got  to  put  a  curve  there,’’  he  thinks  and  arcs  down  to  join  the 
waistline.  This  was  not  a  smart  move.  The  meeting  as  we  see  is  an 
unhappy  one.  It  turns  out  to  be  a  caricature  sitting  atop  a  nice  body, 
exaggerated  by  a  somewhat  ambitious  forward  rake  and  a  dispropor¬ 
tionate  rear  overhang.  What  justified  a  cab-rear  in  these  days  of  cab-for¬ 
ward  design?  If  I  had  a  REVA  I  would  save  my  ego  and  lop  off  the  top  —  a 
cabrio  would  be  neat. 

The  interiors  are  well  done,  the  trimmings  leaving  a  good  impression 
at  first  glance.  While  they  obviously  indicate  extreme  economy  in  the  use 
of  materials,  the  facia  is  another  thing  —  far  too  shiny,  cheap  and  plas- 
ticky.  Some  matt  effects  or  texture  would  definitely  go  a  long  way. 

Despite  my  nit-picking,  which  is  my  job  as  a  critic,  this  car  evokes  a 
positive  response.  It  is  partially  helped  by  ite  unavoidably  cute  dimen¬ 
sions.  And  that’s  how  it  will  be,  until  something  more  proportionate 
comes  along. 

Fact  is,  though  it  has  surpassed  expectations  in  its  effort  at  a  more 
refined  appeal,  it  still  has  that  'Designed  in  India’  look  about  it.  Q  E  D. 

under  the  live  rear  axle.  It  reminds  tiatingwithseveralgovernmentagen- 
me  of  the  Sipani  Dolphin.  cies  to  make  the  car  easily  accept- 

And,  remembering  Sipani,  Maini  able  to  the  general  public.  At  a 
Amerigon  is  determined  to  make  a  targetted  price  of  Rs  1 .60  lakh,  it  will 
success  of  the  venture.  A  factory  is  be  the  cheapest  car  around.  And.  at 
coming  up  in  Malur  a  little  outside  a  conservative  40kpl,  it  should  also 
Bangalore  and  since  75  per  cent  of  be  one  of  the  cheapest  to  run.  The 
the  REVA’s  components  have  been  launch  period  is  late-1997  but.  as 
sourced  from  India,  there  is  a  good  they  say,  there  is  many  a  slip  between 
chance  that  the  car  will  be  launched  the  cup  and  the  lip.  Hopefully  this  is 
with  an  even  higher  percentage  of  one  venture  that  will  defy  the  proverb 
indigenisation.  The  company  is  nego-  and  take  off.  It  deserves  to.  ♦ 
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THE  HINDU,  Thursday,  December  1996 


Electric  city  car  from  Bangalore  firm 


From  Our  Special  Correspondent 

^  BANG.'U.ORE.  Dec.  18. 

The  Bangalore-based  Main!  group,  which 
manufacoires  precision  components,  material 
handling  equipment,  bio-detergents,  granite 
'tiles  and  abrasives,  unveiled  at  a  press  confer¬ 
ence  in  Bangalore  today  its  latest  product.  Reva. 

two-door  hatch-back  battery-powered  car 
hieant  for  city'  use. 

I  Research  has  shown  that  most  urban  car 
owners  in  India  use  their  vehicles  primarily  for 
In-city'  travel.  The  average  distance  covered  per 
person  in  a  day  is  15  to  40  km  and  that  the 
average  speeds  are  12-20  kmph  during  peak 
hours  and*  25-40  kmph  during  non-peak  hours. 
Based  on  these  use  patterns  the  Reva  has  been 
‘designed  from  scratch  by  Amerigon.  a  Caliibr- 
hia-based  design  house  specialising  in  EV  (elec¬ 
tric  vehicle)  design.  With  a  payload  of  225  kg 
hwo  adults  and  two  children),  the  car  has  a 
range  of  80  km  on  full  battery  charge  and  a  top 
speed  of  65  kmph. 

c  The  car  is  powered  by  a  pack  of  eight  lead-acid 
batteries  specifically  meant  for  EV  use  in  that 
they  can  withstand  a  high  number  of  charge/ 
discharge  cycles  (600)  to  give  a  long  battery’  life. 
The  battery’  is  charged  with  a  12  amps.  2  kW 
charger  that  can  be  plugged  into  a  standard  220 
.volt.  15  amps  wall  plug.  The  charging  rate  is  SO 
per  cent  in  three  hours  and  the  balance  20  per 
cent  in  another  two  hours. 

A  chopper  controller  enables  braking  energy 
to*  be  fed  back  into  the  battery.  A  low  battery 
power  level  indicator  warns  the  driver  when  30 
km  of  driving  power  is  still  left.  The  car  is  fitted 
with  a  microprocessor-based  energy  manage¬ 
ment  system  that  ensures  optimum  use  of  bat- 
fery  energy. 

The  drive  train  consists  of  a  DC  motor  (6  hp 
continuous  with  17  hp  peak)  coupled  to  a  7:1 
'jingle  reduction  gear  which  drives  the  rear 
wheels.  The  driver  has  to  only  operate  the  accel¬ 
erator  and  brake. 

I  Keeping  the  crowded  Indian  city  road  condi¬ 
tions  in  mind,  the  body  panels  of  the  car  are 
Vacuum  formed  from  light-weight  high  Lmpaa- 
resistant  .ABS  plastics  to  withstand  denting  due 


to  bumps  from  other  vehicles.  The  chassis  is  of 
steel  tubes  while  the  front  and  rear  bumpers  are 
of  strong  high  density’  polyethylene. 

According  to  Mr.  Chetan  Maini.  the  power 
consumption  of  the  Reva  will  be  around  9  kWh 
per  full  charge,  which  enables  80  km  of  travel. 
The  replacement  cost  of  the  battery  pack  will 
come  to  around  Rs.  15.000.  The  car  will  be 
priced  at  around  Rs.  1.60  lakhs  plus  taxes.  M 
told,  driving  in  the  Reva  will  cost  about  half  that 
in  .Vlaruti  800  with  the  added  bonus  of  virtually 
no  parts  to  be  regularly  replaced  due  to  wear 
and  tear  (barring  the  braking  and  suspension 
components).  Add  the  fact  that  an  EV  entails 
pollution-free  running  and  we  have  in  the  Reva 
an  ideal  vehicle  for  Indian  cities. 

Mr.  Sudershan  Maini.  Chairman  of  the  group. 


claims  that  already  purchase  enquiries  are 
pouring  in  from  the  neighbouring  countries  as 
well  as  some  European  ones  like  Austria  and 
Germany.  The  group  plans  to  spend  the  next 
one  year  propagating  the  EV  concept  in  Banga¬ 
lore  with  a  fleet  of  60  cars  and  then  take  up 
manufacture  by  October  1997.  under  a  new 
company  called  Maini-Amerigon  Car  Company 
Pvt.  Ltd. 

The  manufacturing  facility  at  Maiur  near 
Bangalore  will  involve  an  investment  of  Rs.  30 
crores  for  a  capacity  of  20.000  cars  per  annum. 
Exports  will  commence  from  the  second  year. 
Initially  the  indigenisation  level  will  be  50  per 
cent  which  will  rise  to  70  per  cent  by  the  end  of 
the  third  year.  The  projected  market  size  is 
40,000  cars  in  1998  rising  to  one  lakh  cars  by 
the  year  2000. 


MONDAY,  DECEMBER  23,  1996 
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Maini  Group:  Riding  High  on  Reva 


Zero ,  is  the 
mother  of.  all 
beginnings.  Yet, 
to  the  discern¬ 
ing.  it  is  preg¬ 
nant  with  possi- 

Ibility.  So  it  was 
with  the  Maini  Group  too.  In 
1973  MICO.  the  Bosch  sub¬ 
sidiary.  had  a  need,  S  K  Maini, 
_  who  was  a  MICO  employee  had 

I  the  solution  for  this.  With  just 
ten  workers  he  began  by  supply¬ 
ing  MICO  a  small  but  vital  com¬ 
ponent.  Today  the  venture  is  a 
-  multi-million  rupee,  multi-divi- 

Ision  group. 

The  group  has  grown 
steadily  in  many  new  directions. 
Today  high  precision  compo- 
-  nents  are  as  comfortably  part  of 
■  the  group's  portfolio  as  are 
■biodegradable  detergents.  Auto 
^assemblies  rub  shoulders  with 
golf  clubs,  granite  tiles  with  elec- 
vehicles  and  stackers. 


Sudarshan  Maini, 
Chairman,  Maini  Group 

Maini  olTers  zero  delect  prod- 
cts.  Quality  is  the  most  impor¬ 
tant  thing  for  the  group.  The 
group's  motto  is  ‘Karma  Parma 
Bharma"  which  means  work  is 
R'orship.  Apart  from  the  zero 
"efect  product  the  company  is 
signified  by  zero  time  delays, 
^ero  compromises,  zero  pre-con- 
■eptions,  zero  excuses  and  zero 
■tefficiencies.  Quality  and  relia- 
Dility  are  the  cornerstones  of  all 
the  elforts  at  Maini. 

I  The  company  has  made  sig- 
ificant  strides  In  its  ventures  by 
[igging  big  international 
clients  like  BOSCH,  General 
Motors.  Lucas  etc.  This  was  pos- 

Ible  by  identification  of  a  gen- 
ine  niche  market. a  complete 
id  flawless  integration  of 
skilled  human  resources  and  tfie 

H  The  chairman  of  the  group  is 


Sudarshan  Maini  a  technocrat 
of  many  years  standing.  A 
mechanical  engineer  by  qualifi¬ 
cation  he  has  several  years  of 
professional  experience  abroad. 

The  various  operations  of  the 
group  are  precision  compo¬ 
nents,  granite,  international 
trading  and  in-plant  material 
handling  equipment. 

The  pride  of  the  group  will 
undoubtedly  be  the  ‘Reva’, 
India's  first  electric  city  car.  The 
Maini  group  has  collaborated 
with  the  US-based  Amerigon  for 
this  venture. 

“India  2010  will  act  as  a 
launch  pad  to  project  Reva  car  to 
the  public,"  said  Sudarshan 
Maini.  The  car  is  being  targeted 
at  all  segments  be  it  the  IAS  offi¬ 
cials.  top  executives,  CEOs  or  the 
young  generation.  It  is  the  right 
choice  for  all .  says  Maini. 

The  car  which  is  expected  to 
hit  the  Indian  roads  in  December 
1997  will  be  answer  to  a  smoke 
free  world.  No  noise,  no  smoke, 
no  parts,  easy  to  use  and  safe  to 
handle,  that  is  Reva  the  electric 
city  car. 

Bookings  for  the  car  which 
wilibepricedaroundRs  1.6  lakh 
will  commence  in  February  next 
year  and  the  first  car  will  roll  out 
in  April  1997. 

Reva  will  be  one  of  the  first 
mas.s-produced  electric  vehicles 
(n\'i  in  the  world.  The  technolgy 

ihe-tHie  — 

used  to  design  the  latest  Boeing 


777  and  the  Saturn  car  of 
General  Motors, 

It  has  been  designed  and  built 
specifically  keeping  in  mind  the 
socio-economic  and  social  infra¬ 
structural  conditions  of  India.  It 


ies.  The  batteries  can  be  charged 
from  a  normal  15  ampere  plug 
point.  The  total  time  taken  to 
charge  the  batteries  is  five  hours 
and  the  cost  works  out  to  around 
Rs  22  for  full  charge. 


is  light,  simple,  rugged,  reliable 
and  safe  to  use.  It  can  accommo¬ 
date  two  adults  and  two  chil¬ 
dren.  easy  to  drive  and  park.  The 
most  important  feature  of  the 
car  is  that  it  is  non-polluting  and 
quiet. 

The  running  cost  of  the  car  is 
-loss  than  that~of  a  scootep^nd  is 
charged  by  eight  electric  batter- 


The  car  is  cost-effective  as  it 
has  very  few  moving  parts  and 
hence  nil  maintenance.  It  hasno 
gear  box.  engine,  dutch,  starter 
motor,  radiator  and  exhausts.  It 
has  an  in-built  energy  manage¬ 
ment  system  with  seif-diagnos- 
tU;  capabilities.  Built  with  tubu¬ 
lar  steel  the  car  can  withstand  i 
high  loads. 


I  The  car  has  a  payload  of  22 5 
kg  and  a  range  of  80  km.  The  top 
speed  is  65  kmph  and  curb 
weight  672  kg.  It  has  a  wheel 
base  of  1 . 6  5  9  mm  and  a  track  of 
2.282  mm.  The  length  of  the  car 
is  2.6  38  mmand  width  is  1.324 
mm.  Reva  has  a  height  of  1,510 
mm  and  ground  clearance  of 
152  mm.  The  turning  radius  is 
3,350  mm  and  maximum  grad- 
ability  is  20 percent. 

Though  the  e^tric  vehicle 
technology  was  developed  In  the 
West  it  has  not  found  much 
favour  there.  This  primarily 
because  of  the  fact  that  in  the 
West  the  cars  run  at  very  high 
speeds  and  fuel  is  cheap. 

Cars  which  run  on  electric 
technology  are  unable  to  attain 
the  top  speeds  abroad.  In  india. 
however  with  fuel  prices  high 
electric  technology  is  the  answer 
to  all  problems,  for  India.  The 
Reva  which  has  a  top  speed  of 
50-60  kilometers  per  hour  is 
thus  ideal  for  the  Indian  roads. 

The  two  companies  have  set 
up  a  joint  venture  called  Maini 
Amerigon  Car  Company  Pvt  Ltd 
for  the  project.  The  plant  for  the 
project  will  come  up  at  Malur  in 
Karnataka  at  a  project  cost  of  Rs 
30  crore.  In  the  first  year  ofoper- 
ations  the  company  plans  to 
source  5  0  per  cent  of  the  compo¬ 
nents  from  domestic  market  and 
by  the  third  year  to  70  per  cent. 

The  company  plans  to  roll 
out  6,000  cars  in  the  first  year 
and  expand  it  to  20,000  later. 
Maini  revealed  that  the  com¬ 
pany  has  already  firm  export 
orders  from  Nepal.  Sri  Lanka, 
Mexico,  Austria  and  Germany. 

It  has  already  opened  a  letter  of 
credit  with  Nepal  for  exports. 

.  The  company  expects  to 
breakeven  once  its  production 
touches  4,500. 

Maini  is  a  diversified  group  of 
companies  with  an  annual 
turnover  of  Rs  50  crore  engaged 
in  the  manufacture  of  high-pre¬ 
cision  automotive  components 
and  assemblies  for  original 
equipment  customers  both  in 
India  and  abroad. 

The  group  isone  of thefew  that 
takes  care  of  its  employees.  Tlie 
chairman  personally  takes  care  to 
see  that  nil  their  needs  are  taken 
card  uf'like  medical,  schc?ollng. 
marriages  etc,  •> 
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HOP  TN,  THERE’S  ROOM  FOR  MORE:  The  electric  car,  Reva,  is 


adequate  to  meet  the  needs  of  India  s  city  dwellers,  says  the  company  | 

!  .  '  '  .  •  i 

Reva  to  hit  Indian 
roads  in  Dec  1997  I 

bur  Bangalore  Bureau  to  produce  around  6,000  cars  ! 

BANGALORE  18  DECEMBER  ”  annually  which  will  be  expanded  I 

^  ^  /  to  20,000  cars  annually  on 

INDIA’S  first  electric  car,  Reva,  completion  of  one  year  of  opera- 
will  be  available  for  commercial  tioiis. 

sale  from.  December  1997.  This  Mr  Joshua  Newmdn  said  there 

was  announced  by  the  Banga-  will  be  no  exports  in  the  first 
lore-based,  Rs  50-crore  Maini  year  of  operations.  In  the  second 
group  today,  at  the  official  year,  around  15  per  cent  will  be  r 

laimch  function  of  the  car.  The  exported  and  the  exports  will  in- 
car  is  expected  to  be  priced  at  crease  to  50  per  cent  from  the 
around  Rs/1.65  lakh  ex-factory.  third  year  onwards. 

Reva  will  also  become  the  According  to  MAC,  Reva  will  I 

smallest  available"  in  the  be  one  of  the  first  mass-  I 

country,  said  company  sources,  produced  electric  vehicles  in  the 
The  company;  plans  to  open  world.  The  company’s  press  re¬ 
bookings  for  the  car  from  Febru- .  lease  said  that  Reva  was  designed 
ary  '1997.  Mr  S  K  Main!,  chair-  and  built  specifically  keeping  in 

m^.  Maim  group  of  companies,  mind  the  Indian  socio-economic  j 

said:  “Reva  is  adequate  to  meet  and  social  infrastructural  cpndi-  j 

the  demands  of  India’s  city  tions.  The  car  has  a  top  speed  of 

dweller.”  *  65  kmph  and  a  curb  weight  of  i 

Reva  m  being  produced  by  the  672  kg.  It  is  expected  to  run  80 

Nfeini  group  in  a  joint  venture  km  per  battery  charge  of  around  | 

with  the  $10.  million  Amerigon  5  hours.  i 

of  US  through  Maim  Amerigon  The  special  features  of  the  car  r 
Car  Co  Ltd  (MAC).  According  to  include  energy  management  sys-  | 
Mr  Joshua  Newman,  president  tern  (EMS)  and  climate  control 
and  CEO,  Advraced  Technology  *  seat  system  (CCS),  EMS  helps  in  I 
Group,  Amerigon,  the  Maini  intelligent  fuel  gauge  and  battery  ^ 

group  wiU  hold  around  45  per  management  Mr  0  P  Khanna, .  | 

cent  stake  in*  the  project  while ,  managing  director,  MAC,  said . 
Amerigon  will  be  a  35  per  cent  EMS  will  tell  how  efficiently  the  ' 

joint*  venture  partner.  The  bal- ,  parts  like  motor,  controller  and 

ance  will  be  held  by  financial  in-  the  battery  have  performed.  Both 
ve^rs.  EMS  and  CCS  are  patented  in  the 

The  project  is  expected  to  cost  US,  according  to  Mr  Joshua 
Rs  30  crore.  ]\^C  initially  plans  Newman. 
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First  ever  Indian 
electric  car  soon 


By  Our  Staff  Reporter 

BANGALORE,  Dec  18 
The  Bangalore-based  Maini  group 
in  collaboration  with  Amerigon  of 
USA  will  soon  introduce  the  first 
ever  electric  car  into  the  country. 

Reva,  the  car  so  named  has  been 
designed  at  Amerigon  facilites  in 
the  US  and  will  accommodate  two 
adults  and  two  children.  Inciden¬ 
tally,  it  is  the  first  ever  mass-pro¬ 
duced  EV  in  the  world.  Designed 
and  built  specifically  keeping  in 
view  the  Indian  needs,  the  car  is 
light,  simaple,  rugged,  reliable  and 
safe,  claims  Maini  group  chair¬ 
man  Mr  S  K  Maini. 

Addressing  a  press  conference 
here  today,  he  said  the  car  with  a 
payload  of  225  kg  can  travel  upto 
80  kms  with  a  top  speed  of  65 
kmph.  Priced  at  Rs.1.65  lakh  ex¬ 
cluding'  taxes,  the  car  has 
undergone  high  levels  of  reliabil¬ 
ity  achieved  by  adopting  an  on-go¬ 
ing  process  of  FEMA  (failure  mode 
and  effect  analysis),  undergone 
strenuous  reliability  and 
homologation  tests  conducted  by 


ARAI,  Pune  and  subjected  to  strin¬ 
gent  road-worthiness  tests  in  the 
US,  he  said.  Besides,  it  has  been 
equipped  with  latest  Amerigon  de¬ 
veloped  energy  management  sys¬ 
tem. 

The  car  built  out  of  light-weight 
impact-resisting  ABS  material  is 
equipped  with  an  array  of  8  lead- 
acid  batteries  which  can  be  re¬ 
charged  at  domestic  households  at 
normal  220V.  12A.  2KW  with  a 
standard  Indian  15A  wall  plug. 
The  batteries  to  charge  for  80  per 
cent  take  3  hours  and  the  remain¬ 
ing  20  per  cent  can  be  charged  in 
5  hours  time.  It  consumes  9  units 
of  current  per  charge  and  effec¬ 
tively  works  out  to  Rs.22  or  40 
paise  per  km  as  fuel  cost  to  run 
for  80  km. 

He  said  the  first  prototype,  after 
meeting  severe  Californian  test 
standarads,  reached  India  in  May. 
The  company  has  manufactured 
components  indigenously  and 
shipped  to  US  to  be  assembled  at 
the  Amerigon  facilites  by  a  team 
of  Maini  and  Amerigon  engineers. 


New  Business 


Something  to  rave  about 


The  Bangalore-based  Maim  group  has  come  up  with  Reva,  India’s  first 
electric  car  as  an  alternative  to  petrol-driven  vehicles 


1 1  is  cute  yet  hardy,  noiseless,  environ- 
I  ment  friendly,  inexpensive,  practically 
maintenance  free  and  most  wonderfully 
—  needs  no  fuel.  And  just  recently,  Miss 
World  walked  away  with  one.  A  turn  of  a 
dial  makes  it  reverse  or  go  forward.  Two 
adults  can  sit  inside  comfortably  with  two 
ver}'  small  children.  This  is  the  Rsl  .6  lakh 
(plus  taxes)  Reva  —  India's  first  electric 
car  launched  ironically  enough  in  the 
power-hungry  city  of  Bangalore  last 
month. 

It  is  the  result  of  a  Joint  effort  between 
the  Rs50-crore  Bangalore-based  diverse 
manufacturing  group,  Maini 
and  the  SIO  million  Ameri- 
gon,  America  who  are  estab¬ 
lished  leaders  in  Ev  (elec¬ 
tronic  vehicle)  technology. 

Maini  group  chairman,  S.K. 

Maini  believes  that  Reva 
will  be  the  city  car  for  the 
future.  Says  the  senior  pro¬ 
ject  manager  at  Amerigon, 

Chetan  Maini  (S.K.  Maini’ s 
youngest  son),  “Electronic 
transmission  makes  this  a 
very  easy  car  to  drive,  the 
engine  designed  for  in-city 
driving  to  prevent  energy 
loss  in  the  typical  stop- 
and-go  driving  conditions,” 

Reva  has  a  top  speed  of  65 
km/hour. 

Just  plug  in  to  a  15  amp  point  after 
every  80  kilometres,  recharge  batteries 
for  a  minimum  of  three  hours  to  get  80 
per  cent  chafge  or  eight  hours  for  a  full 
charge,  and  you  are  ready  to  roll.  Con¬ 
suming  nine  units  per  charge,  the  approx¬ 
imate  cost  of  running  the  vehicle  in 
Bangalore  will  w'ork  out  to  35  paise  per 
kilometre.  Eight  lead  acid  batteries  stored 
under  the  car  cost  Rsl 2,000- 15,000  per 
set  and  have  a  life  cycle  of  at  least  three- 
four  years  (500  to  600  full  charge  cycles). 

An  energy  management  system  in  the 
Reva  controls  all  energy  to  and  from  the 
battery  and  continuously  monitors  the 
batteries  and  improves  their  life  consider¬ 
ably.  The  car  has  a  microprocessor-based 
system  and  is  completely  self-diagnostic. 


The  Reva  service  technician  only  has  to 
plug  in  his  laptop  to  the  car  and  it  will  pro¬ 
vide  all  the  necessar>^  information. 
Another  very  interesting  feature  is  the  cli¬ 
mate-controlled  seat  (for  which 
Amerigon  is  registering  a  patent  in  Amer¬ 
ica  currently),  where  the  seat  gets  cooled 
from  the  inside. 

Though  the  car  is  ver}'  small  and  looks 
lightweight,  explains  Chetan  Maini,  in 
reality  it  is  both  very  stable  and  strong. 
The  placement  of  the  batteries  ensures  a 
low  centre  of  gravity  which  in  turn  guar¬ 
antees  high  stability.  “A  steel  space  frame 


makes  for  a  very  safe  occupancy  cage  in 
the  event  of  collision  and  the  high  impact 
ABS  vacuum  formed  panels  (the  same 
materia]  as  used  in  gm's  Saturn)  protects 
against  dents.” 

The  Maini  group  is  well  aware  that 
people  are  going  to  take  some  time  to  get 
used  to  the  concept  of  an  ev.  In  fact,  at  the 
launch,  a  media  person  wanted  to  know 
whether  people  stood  the  danger  of  being 
electrocuted  during  the  monsoon.  The 
answer  to  this  is  an  emphatic  no  given  b)' 
Maini,  since  the  motor  and  the  charger  are 
all  well  protected.  The  other  very  valid 
enquiry  related  to  how  would  Reva  own¬ 
ers  in  high  rise  buildings  manage  to  plug 
in  their  car  and  whether  there  would  be 
problems  with  the  Electricity  Board  for 


drawing  this  power.  The  Maini s  are  talk¬ 
ing  with  both  the  city  electricity  and 
development  boards  for  subsidised  rates 
and  to  allow  builders  to  put  in  charge 
points  in  the  basement/garages 

Its  exactly  these  kinds  of  concerns  that 
is  prompting  the  Maini  group  to  go  slow 
with  their  production  plans.  Says  manag¬ 
ing  director  O.P.  Khanna  of  joint  venture 
company  Maini  Amerigon  Car  Co 
(MAC),  “We  have  intentionally  decided 
to  begin  commercial  production  only  in 
December  1997.  Early  on,  cars  will  sell 
just  on  the  curiosity  factor  but  demand 
needs  to  be  perpetuated.  So  we  will 
release  about  50  to  60  cars  by  midyear  in 
Bangalore  to  check  the  people’s  response 
^  and  whether  any  adjust- 
£  ments  or  improvements 
I  need  to  be  made.” 

I  Initial  production  plans 
are  for  6,000  cars  per  annum 
at  a  project  cost  of  Rs30 
crore.  With  the  plant  coming 
up  at  Malur,  outside  Banga¬ 
lore,  after  completion  of  the 
first  year,  production  v'ill  be 
expanded  to  20,000  cars  per 
annum.  Export  enquiries  are 
already  coming  in  and  this 
will  begin  from  the  second 
year.  The  Mainis  envisage  a 
demand  for  about  100,000 
cars  by  the  year  2000. 
Excise  duty  on  the  ex-works 
price  of  Evs  is  only  10  per 
cent  as  opposed  to  -^0  per 
cent  for  petrol/diesel  vehicles,  and  nego¬ 
tiations  are  on  to  bring  this  down  to  zero. 
Reva  is  also  exempt  from  road  tax  for  the 
first  five  years. 

Says  Joshua  Newman,  managing 
director  and  CEO  of  the  California-based 
Advanced  Technology  group,  Amerigon, 
“Manufacture  of  evs  in  A.merica  is  con¬ 
strained  by  the  fact  that  the  minimum  fea¬ 
sible  plant  size  is  one  of  200,000  units, 
and  costs  are  very  high  for  smaller  num¬ 
bers.  For  instance,  gm’s  ev  1  costs  over 
$35,000  which  will  find  few  takers. 
While  California  has  been  leading  the 
w^ay  in  the  business  till  no'A',  this  is  a  his¬ 
toric  opportunity  for  India  to  show  the 
v  ay  instead.” 

K  MOHANA  PRABHAKAR 


Chetan  Maini  with  the  ‘city  car  for  the  future’ 
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Getting  a  charge  out  of  India 

Monrovia-based  Amerigon  signs  agreement  to  help  produce  economic  electric  cars  for  that  country 


making  it  a  possible  alternative  to  India’s,  motor  scooters. 


By  Bra«  Sporlch 

Staff  Writer _ 


Monrovia  —  Hoping 
to  tap  into  the 
expanding  incomes 
of  India’s  emerging 
middle-class, 

Amerigon  Inc.  has  joined  forces 
with  an  India-based  company  to 
produce  low-cost  electric  cars  in 
Bangalore,  India. 

Monrovia-based  Amerigon, 
which  recendy  introduce  an 
interactive  navigation  system 
that  runs  on  a  modified  CD  play¬ 
er,  has  signed  a  preliminary 
agreement  with  India-based 
Main!  Group  to  form  a  joint  ven¬ 
ture.. 

Under  the  agreement, 
Amerigon  will  hold  approximate¬ 
ly  40  percent  interest  in  the  ven¬ 
ture  and  provide  production 
design,  prototypes  and  manufac¬ 
ture  the  car’s  high-tech  compo¬ 
nents. 

The  Maini  Group,  which  man¬ 
ufactures  electric  fork  lifts,  pallet 
trucks  and  other  related  equip¬ 
ment,  will  hold  another  40  per¬ 
cent  interest  in  the  venture,  with 
the  balance  being  held  by  ASC 
Capital  PTE,  Ltd.,  a  Singapore- 
ba^  investment  group. 

The  REVA,  as  the  vehicle  is 
called,  is  expected  to  retail  for 
less  than  $6,000  and  will  be 
assembled  in  India.  Amerigon 
will  manufacture  about  25  per¬ 
cent  of  the  car's  parts,  such  as  the 
electric  motor,  its  patented  ener¬ 
gy  management  system,  and  the 
REVA's  charging  system.  The 
energy  management  system 
directs  the  flow  of  electricity 
throughout  the  car  to  get  the 
most  out  of  battery  power.- 
Because  of  low  labor  costs  and 
lower  standards  and  expectations 
for  vehicles  in  India,  the  REVA 
can  retail  for  a  fraction  of  what 
electric  cars  seU  for  in  the  United 
States.  By  comparison,  the  EVl 
produced  by  General  Motors 
Corp.  and  Edison  EV  will  sell  for 
about  S35.000  when  it  hits  Saturn 
dealership  showrooms  later  this 


But  the  REVA  doesn't  meet 
the  same  range,  speed  or  safety 
standards  that  the  EVl  must 
meet  That’s  because  the  motor 
scooter  is  a  major  form  of  trans¬ 
portation  in  India,  where  there 

are  very  few  freeway-like  high¬ 
ways. 

“The  REVA  is  designed  for 
the  growing  numbers  of  middle- 
class  professionals  in  India,  who 
typically  ride  motor  scooters  in 
city  settings,"  said  Lon  Bell, 
chairman  and  CEO  of  Amerigon. 


The  short  and  stocky  REVA 
has  a  range  of  65  miles  and  a  top 
speed  of  45  mph.  For  an  addition¬ 
al  cost  the  REVA  comes  with 
Amerigon’s  patented  climate 
control  seate  that  both  heat  and 
cool  passengers  using  a  fraction 
of  energy  that  an  air  conditioner 
uses. 

Since  the  trend  in  deregula¬ 
tion  and  the  limiting  of  govern¬ 
ment  control  of  markets  —  such 
as  cars  —  India’s  motor  industry 
has  grown  rapidly,  according  to 


The  Economist  Intelligence  Unit, 
a  London-based  research  compa¬ 
ny.  ^  - 

And  the  most  rapid  sector  of 
that  growth  is  in  what  are  called 
“mini  cars,"  typically  short  and 
stocky  vehicles  that  carry  two 
passengers,  like  the  REVA. 

But  that’s  where  the  similari¬ 
ties  end.  The  REVA,  unlike  other 
mini  cars  made  in  India,  runs  on  ^ 
electricity,  not  gasoline.  In  a 
country  where  gas  stations  are 
not  as  plentiful  as  they  are  here 


■  TYPE:  Electiic  powered, 
two-door  passenger  car 

■  PAYLOAD:  Two  adults, 
plus  two  children;  (507  lbs.) 

■  TOTAL  WEIGHT:  1,170 
pounds:  (aluminum  frame) 

■  Wheel  base:  65  inches 

■  LENGTH:  8  feet,  6  inches 

■  BAHERY  CAPACITY: 
6.14  kw  hours 

:  ■  CHARGE  TIME:  6-8 

hours 


in  the  United  States,  an  electric- 
powered  vehicle  might  be  an 
advantage. 

“There  is  a  problem  with  fre¬ 
quent  blackouts’  in  India’s  metro¬ 
politan  centers  —  but  those  occur 
during  the  day,"  Bell  said.  “Most 
vehicle  charging  will  be  done  at 
ni^t,  when  power  is  more  avail¬ 
able." 

The  REVA’s  charging  system 
works  with  electric  systems  in  80 
percent  of  India’s  urban 
dwellings,  including  apartments 
and  houses,  according  to 
Amerigon’s  market  studies. 

Beil,  a  CalT^h  ^duate, 
founded  Amerigon  in  1991.  Since 
that  time  the  public  company  has 
been  in  what  Bell  calls  “a  devel¬ 
opment  stage,"  running  in  the 
red.  But  that  appears  to  be  chang¬ 
ing  as  net  losses  continue  to  . 
ueddne  and  profits  frtjm  products 
begin  to  bolster  the  company's 
bottom  line. 

The  company  reported  rev¬ 
enues  for  its  first  quarter  ending 
March  31  had  increased  more  • 
than  fourfold  to  $3.8  million  from 
$897,000  a  year  ago. 

For  the  same  period  a  year 
ago,  Amerigon's  net  loss  nar¬ 
rowed  to  $370,000.  or  9  cents  a 
share,  from  $1.2  miUiou,  or  39 
cents  per  share. 


Founded  by  Lon  Bell,  right,  in  1991, 
Amerigon  reported  that  revenues 
for  its  first  quarter  ending  March  31 
had  increased  more  than  fourfold  to 
$3.8  million  from  $897,000  a  year 
ago. 
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CALSTART 

Project  Hatchery  Alameda 
FINAL  REPORT 

1.  Introduction  The  objective  of  this  project  was  to  establish  a  self-financing  business  incubator 
for  advanced  transportation  technologies  at  NAS  Alameda.  Funding  was  used  to  partially 
defray  the  start-up  costs  of  Project  Hatchery  Alameda,  as  the  incubator  is  called.  Specific 
activities  funded  included: 

1)  Develop  a  business  plan 

2)  Identify  potential  sponsors  to  donate  resources  and  equipment 

3)  Market  incubator  and  recruit  start-up  businesses 

4)  Develop  service  provider  network  for  incubator  companies 

2.  Accomplishments  All  of  the  activities  identified  were  accomplished  within  schedule  with  the 
funds  provided  and  matching  funds  from  CALSTART. 

2.1  Business  Plan  A  business  plan  was  completed  prior  to  the  end  of 

FY96.It  was  revised  during  FY97  with  two  options  and  reduced  to  a  work  plan  for 
PHA.  An  outline  of  the  plan,  the  work  plan  and  initial  proposed  operating  budget  are 
attached.  (See  also  Sec.  6.1) 

2.2  Identify  potential  sponsors  The  following  organizations  were 
qualified,  proposed  to  and  became  sponsors  of  PHA: 

1)  U.S  Navy:  provided  shop  tools  and  machinery;  furniture  and  appliances 

2)  Pacific  Gas  &  Electric  Co.:  provided  direct  funding  and  office  equipment 

3)  Hewlett-Packard:  provided  direct  funding  and  office  equipment 

4)  Bronson,  Bronson  &  McKinnon:  provided  direct  funding  and  offered  pro  bono 
legal  consultation  as  a  service  to  PHA  companies 

5)  The  Mills  Family  Fund:  provided  direct  funding 

6)  The  San  Francisco  Foundation:  provided  direct  funding 

7)  Howard,  Rice,  Nemerovsky  et  al:  pro  bono  legal  services  to  CALSTART  in  the 
negotiation  of  the  facility  lease  with  U.S.  Navy 

Proposals  have  been  made  to  two  more  potential  sponsors  of  PHA  with  the  funding 
decisions  not  yet  known. 

2.3  Market  Incubator;  Recruit  Start-ups  PHA  has  been  marketed  according  to  the 
elements  of  the  business  plan  through  presentations,  extensive  media  coverage,  and 
special  events  held  at  the  former  NAS  and  the  facility  itself.  The  number  of  companies 
grew  from  six  at  inception  to  a  maximum  of  19  during  FY97.  Four  companies  have 
transitioned  out  of  the  incubator:  two  into  other  facilities  on  base.  There  were  16  small 
businesses  in  residence  at  the  end  of  this  contract  period.  Funding  from  foundation 
grant  sources  has  been  budgeted  for  a  sustainable  outreach  and  PHA  marketing 
program  to  be  professionally  designed  for  on  -going  implementation  by  permanent 
staff.  Given  the  exiting  space  configuration  of  Hangar  20  and  the  advanced 
transportation  technology  start-up  business  requirements,  20-22  small  companies  are 
the  maximum  that  could  be  simultaneously  accommodated.  This  is  a  workable  number 
for  sustained  staff  support,  also.  An  average  of  1 5  formal  presentations  per  quarter 
have  been  given  by  CALSTART  about,  or  at.  Project  Hatchery  Alameda  and  the 
offered  program. 
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2.4  Service  Provider  Netvi^ork  The  number  and  type  of  firms  in  the  PHA  service  provider 
network  has  varied  over  the  incubator’s  operational  life. 

The  planned  mix  includes  law  and  accountancy  firms,  management  consultants  and 
similar  business  advisors,  and  insurance  brokerages  willing  to  work  with  small  and 
start-up  businesses.  Currently,  there  are  three  law  firms,  two  accountants,  two  business 
consultants,  and  three  insurance  brokerages  providing  pro  bono  consultation  and 
services  or,  offers  to  work  at  significantly  advantageous  discounts,  to  the  CALSTART 
PHA  companies.  These  relationships  have  paid  off  for  at  least  three  of  the  provider 
companies  as  they  were  subsequently  engaged  as  a  result  of  their  involvement  in  our 
service  network. 

3.  Deviations  to  Plan  The  stated  objectives  were  achieved.  Deviations  to  the  originally 
proposed  plan  included  expansion  of  tasks  to  include  identification,  validation  and  negotiation 
with  Navy  and  Re-use  Authority  for  a  vehicle  test  track  accessible  from  Hangar  20,  to  be  used 
under  CALSTART  management  for  clean  fuel  vehicle  R,  D  &  D.  Planning  and  execution  of  a 
trial  Electric  Vehicle  Exposition  for  local  and  regional  media  and  the  general  public  was  also 
completed.  Results  were  positive:  enough  to  warrant  proceeding  with  a  complete  International 
EV  Expo  at  Alameda  next  year,  intended  to  be  a  revenue  source  for  PHA  operation  as  is  the 
test  track.  This  also  fits  into  the  other  part  of  this  funding  package:  NAS  Cluster  Planning 
Additional  detail  will  be  provided  in  that  final  report. 

3.1  While  all  contract  objectives  were  achieved,  some  detail  items  in  the  business  plan 
were  not  implemented.  Most  notably:  staffing  and  the  advisory  board.  A  facility 
maintenance  person  was  not  contracted  in  FY97,  primarily  as  a  cost-saving  measure. 
Formation  of  a  representative  advisory  board,  including  interested  sponsors,  was 
initiated  but  not  completed.  This  effort  is  to  be  continued  as  it  is  considered  a  valuable 
resource  by  PHA  management. 

4.  Projections  There  are  no  events  identified  that  will  negatively  affect  the  project  goal  of 
establishing  an  advanced  transportation  technology  business  incubator  at  the  former  Alameda 
NAS.  This  has  been  achieved.  The  alternatives  that  expanded  project  scope:  test  track  and 
Annual  Exposition,  have  already  been  identified.  These  will  be  pursued  so  long  as  they 
provide  additional  on-going  sources  of  revenue. 

5.  Financials  The  project  was  completed  within  a  budget  of  $150,000  in  DARPA-provided 
funds  and  CALST ART-generated  matching  funds,  which  were  indicated  by  unaudited 
financial  statements  to  be  slightly  over  $257,000.  No  additional  funding  was  requested  or 
received. 

5.1  Cost  overruns  No  cost  overruns  were  incurred.  The  initial  operating  budget  was  just 
under  $20,000/month  for  all  PHA  expenses.  Initial  revenue  projection  was  $23- 
24,000/month.  The  monthly  operating  budget  was  later  revised  to  $18,  883  as 
experience  was  gained  in  actual  costs  incurred.  Revenue  projections  were  reduced, 
based  on  actual  fees  collected  from  resident  PHA  companies  and  external  sponsorships 
actually  received,  to  $15,600/month  early  in  CY97.  Expenses  were  further  reduced  to 
a  budgeted  $15,050.  Unaudited  financials  indicate  that  FY97  income  covered  this 
level  of  expense. 
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6.  Conclusions  The  impact  of  this  project  has  occurred  in  two  distinct  areas:  1)  Successful 
implementation  of  the  first  civilian  re-use  of  the  closing  Alameda  NAS;  2)  Support  for  the 
start-up  and  growth  of  a  business  incubator  for  emerging  companies  working  on  advanced 
transportation  technologies  or  services.  Project  Hatchery  Alameda  has  demonstrated  the 
capacity  for  this  type  of  business  incubator  to  be  self-financing  at  certain  definable  levels  and 
mixes  of  occupancy.  While  these  levels  have  been  demonstrated  and  are  achievable,  two 
cautionary  elements  have  been  identified:  1)  the  apparent  requirement  for  a  sustainable 
marketing,  recruitment,  and  screening  plan  that  does  not  require  large  time  commitments  from 
a  permanent  staff  of  1.5  FTE;  2)  a  properly  functioning  technology  incubator  is  penalized  for 
its  success  in  moving  companies  into  the  marketplace  by  an  immediate  gap  in  cash  flow.  This 
argues  for  some  level  of  sustained  sponsorship  by  stakeholders  in  the  process  and,  in  over  a 
year  of  experience,  we  have  discovered  no  other  incubator  without  such  outside  support  to 
help  fill  the  cash  flow  gaps.  This  support  usually  comes  from  the  community,  or  industry 
segment,  which  benefits  from  the  positive  economic  impact  of  the  incubator  tenants  and 
“graduates”.  Project  Hatchery  Alameda  will  continue  at  least  through  the  term  of  its  lease  with 
the  U.S.  Navy  and  ARRA. 

6.1  Attachments  Attachments  to  this  report  include; 

1)  Outline  of  Strategic  Business  Unit  Plan 

2)  Revised  workplan  for  Project  Hatchery  Alameda 

3)  PHA  Operating  Budget  and  Income  (FY97  and  FY98) 

4)  Directory  of  PHA  companies 

5)  Selection  of  press  coverage  and  related  items 
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Outline  of  Strategic  Business  Unit  Plan 
Project  Hatchery  Alameda 


Goals 

1 .  Provide  an  operating  environment  which  supports  advanced  transportation  technology 
companies  from  concept  to  commercial  operation. 

2.  Create  high-quality  jobs  in  the  region  and  in  the  state  based  on  successful  growth  of 
these  companies. 

3.  Achieve  sustained  self-financing  status  as  a  business  incubator  at  NAS  Alameda. 


Objectives 

1.  Project  Hatchery  Alameda  (PHA)  is  to  serve  as  a  launch  pad  for  10  to  20  new  or 
emerging  transportation  technology-related  businesses  on  a  continuous  basis.  This 
one  location  will  provide  inexpensive  private  office  space,  with  shared  access  to  a 
fabrication  shop  floor,  machine  tools  and  equipment. 

2.  Keep  the  facility  full  and  have  a  pre-selected  waiting  list  to  ensure  it  will  stay 
occupied.  Locating  at  PHA  is  to  become  the  preferred  decision  for  qualified 
companies  in  the  industry  based  on  its  excellence  and  that  of  its  companies. 

3.  Provide  a  range  of  business  development  services,  as  further  detailed  below. 

4.  Develop  and  maintain  a  network  of  business  service  providers  to  support  tenants. 

5.  Operate  as  a  separate  strategic  business  unit  within  CALSTART.  This  dictates  that 
revenues  from  tenants  and  any  other  activities  developed  should  cover  all  PHA 
operating  costs. 

6.  Achieve  self-sustaining  financial  status  within  one  year  of  operation. 


Functional  Description  of  Project  Hatchery  Alameda 
1.  Method  of  Operation 

Government  funds  and  private  sector  sponsorships  are  applied  to  cover  hangar  conversion 
and  first  year  start-up  costs. 

Revenues  from  tenants  to  cover  ordinary,  budgeted  annual  operating  costs.  This  will 
require  80%  hatchery  capacity  to  cover  costs  including  lease  based  on  experience  to  date. 
Hatchery  capacity  of  60%  should  cover  costs  with  lease  credit  for  facility  improvements. 
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During  the  Start-up  Phase,  other  categories  of  tenants  will  be  accepted  if  no  core  business 
companies  are  impacted  (eg.,  ACET,  Workers  to  Business  Owners)  and  to  provide  for 
revenue.  Emphasis  is  to  be  on  rapid  transition  to  companies  which  fulfill  the  Hatchery 
mandate.  This  interim  plan  also  benefits  base  re-use  goals  in  cooperation  with  the  ARRA. 

Tenant  recruitment  is  to  be  an  on-going  part  of  the  director’s  role  with  support  of 
consultants  already  contracted  for  this  activity.  Businesses  will  be  screened  by  established 
criteria,  advisory  committee  input,  and  compatibility  with  existing  tenants. 

Leases  will  be  negotiated  on  a  case-by-case  basis. 

2.  Services  Provided 

PHA  plans  to  achieve  its  objectives  by  providing  the  following  services  and  resources  to 
Hatchery  tenants.  Some  will  bear  a  cost  and  be  assessed  as  fees  above  rent.  In  principal, 
these  will  be  consistent  with  the  Southern  California  facility  practice. 

—Customized  business  consulting 

—Access  to  high  quality  industrial  machine  shop  and  test  equipment  for  hardware 
prototype  and  fabrication 

-Dedicated  office  and  shop  space  for  tenants  at  an  all-inclusive  rental  cost 
—Marketing  support  for  commercially  viable  products/services 
-Strategic  partner  opportunities  and  introductions 
—Business  plan  development  assistance 

-Service  provider  network  through  Hatchery  support  associates 
-Assistance  in  identifying  capital  and  funding  sources 
—Vehicle  test  area 

3.  Staffing  and  Management 

PHA  staffing  is  to  be  lean,  with  each  member  having  a  multi-functional  role.  Planned  staff 
consists  of  a  Hatchery  Director,  Office  Manager,  and  a  facility  maintenance  person. 

The  latter  will  initially  be  on  a  contract  basis.  All  required  staff  are  on  board  as  of  June 
’96;  no  additional  staff  are  planned.  The  director  reports  directly  to  the  CALSTART 
Exec.  VP.  The  director  is  responsible  for  facility  management,  tenant  interface  including 
support  services  and  mentoring,  and  Hatchery  business  with  external  agencies  such  as  the 
ARRA,  Navy,  etc.  The  director  is  also  responsible  for  management  of  PHA  as  a 
CALSTART  strategic  business  unit  in  concert  with  corporate  goals.  The  office  manager 
is  responsible  for  the  administration  of  the  CALSTART  offices  and  is  to  be  available  on  an 
allocated  basis,  expected  to  be  25%,  to  support  corporate  programs.  The  maintenance 
function  is  paint,  polish,  repair  and  prevent  outage. 

An  advisory  board  will  be  formed,  consisting  primarily  of  private  sector  members 
including  major  sponsors.  The  board  will  periodically  review  policies  guiding  Hatchery 
operations ,  participate  in  identifying,  referring  and  screening  tenant  companies,  and  assist 
the  start-up  companies  in  the  incubator. 
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4.  Business  Strategy/Path  to  Sustainability 

PHA  plans  to  become  a  self-financing  business  unit  by  the  end  of  the  first  year  of 
operations:  targeted  as  not  later  than  1  December  1996.  The  Hatchery  is  to  continue  as 
a  self-supporting  activity  throughout  its  life.  When  completely  filled,  it  has  the  potential  to 
be  a  minor  but  continuing  additional  revenue  source  to  the  corporation.  Elements  of  this 
strategy  include: 

1)  Two  year  detail  budget  has  been  developed  and  is  to  be  rationalized  against 
actual  expenses  and  revenues.  A  near-term  goal  is  to  implement  a  Planned 
Program  Budgeting  procedure  for  PHA  operations.  Actual  expense  require¬ 
ments  and  charges  to  PHA  budget  are  to  be  defined,  approved,  and  tracked. 

2)  Application  of  the  one-time  start-up  costs  (estimated  to  be  up  to  $475,000) 
against  master  lease  costs  in  accord  with  provisions  of  that  lease. 

3)  Full-time  director  will  implement  a  tenant-capture  marketing  campaign 
focused  around  the  Grand  Opening  and  sustained  past  the  100%  occupancy 
level  to  develop  the  pre-qualified  waiting  list.  Intent  is  to  ensure  a  fiall 
Hatchery  while  planning  for  tenant  turnover  as  they  move  to  commercial¬ 
ization.  Specific  tasks  include:  a)  letters  of  introduction/invitation  to 
companies  screened  from  the  CEC  TETAP  RFP  list  and,  especially, 
responding  proponents,  b)  follow-up  calls  by  director  to  key  companies  that  fit 
Hatchery  goals  or  add  to  the  existing  company  matrix,  c)  continued  newspaper 
and  TV  coverage  of  Hatchery  with  emphasis  on  high  profile  and  commercial 
milestones  such  as  vehicle  production,  successful  tests,  etc.,  d)  personal  and 
company  membership  in  transportation  and  environmental  professional 
organizations,  e)  presentations  and  participation  in  meetings  and  conferences. 

4)  Consultants  are  under  contract  to  develop  additional  Hatchery  sponsorships. 
PHA  director  will  continue  to  make  contacts  and  presentations  to  potential 
sponsors.  A  program  to  better  recognize  and  reward  sponsorship  is  to  be 
evaluated  and  implemented  if  it  looks  good. 

5)  A  unique  situation  exists  at  Project  Hatchery  Alameda:  the  potential  for  a  full- 
scale  outdoor  test,  demonstration  and  development  area  for  alternate  fuel 
vehicles.  The  east-west  runway,  taxiways  and  hardstand  of  the  deactivated 
airfield  are  excellent  for  vehicle  test  and  demonstration.  At  this  time,  the 
window  of  opportunity  is  opening  for  continued  use  of  the  airfield  for  these 
activities.  As  a  minimum,  this  is  a  significant  attraction  for  companies  to 
locate  here.  As  a  preferred  alternative,  it  would  be  an  on-going  source  of 
revenue  to  have  and  manage  a  vehicle  test  track/skid  pad/proving  ground. 
Advertising  the  availability  of  such  a  facility  will  attract  new  tenants,  whether 
they  have  an  immediate  need  for  a  test  track  or  not. 


-7- 


5.  Relationship  to  CALSTART  Core  Competencies 

Operation  and  management  of  Project  Hatchery  Alameda  according  to  the  plan  outlined 
will  help  tenant  companies  through  application  of  key  CALSTART  core  competencies  to 
their  business ,  including: 

1)  Identification  of  funding  sources  for  advanced  transportation 
proj  ects/programs 

2)  Proposal  writing 

3)  Technology  evaluation,  dissemination  and  exposure 

4)  Strategic  partnering,  including  synergy  within  the  incubator 

5)  Networking 

6)  Market  identification  and  analysis  for  specific  technologies  and  end  products 

7)  Prototype  vehicle  and  infrastructure  funding,  development  and  demonstration 


J.  J.  Huetter/19  July  1996 
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Business  Umt:  PH  Alameda 

REQUIRED  PERSON  DAYS 

AT  RISK  PERSON  DAYS 

Goa!  1;  Remain  self-sustaining  unit 

1  Objective  1:  100%  occupancy  rate 

I  Task  1 :  Market  PHA  facility 

Task  2:  Maximize  free  media  coverage 

Task  3:  Promote  PHA  at  conferences  and  meetings 

|Goal  2:  Finance,  or  equivalent  funds  for  one  or  more  PHA  companies 

Objective  2.1:  Identify  and  develop  finance  sources  for  PHA  level  firms 
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Objective  2.2  Work  with  team  to  develop  CALSTART  capital  fund 
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Goal  3:  Evaluate  and  implement  available  opportunities  to  expand  PHA  into 
another  facility  on  a  self-sustaining  basis 

|Task  3.1 ;  Identify  and  qualify  NAS  facilities  for  potential  expansion 

Task  3.2:  Negotiate  terms/execute  lease  with  ARRA 

|Task  3.3:  Secure  funding  for  facility  rehabilitation  and  retrofit 

|Task  3.4:  Manage  rehab  contracts 

Task  3.5:  Identify,  screen  and  recruit  appropriate  technology  tenants 

j 

Goal  4:  Expand  an  active  service  provider  network  for  PHA 

|Task  4.1 :  Identify  and  solicit  PHA  service  providers/associates 

ITask  4.2:  Announce  and  schedule  associate  sessions/seminars/FAC 

Task  4.3:  Presenting  associate  sessions  and  seminars 

Task  4.4:  Assistance/consulting  | 

Goal  5:  Improve  PHA  value 

Objective  5.1 :  Secure  rights  for  EV  and  AFV  test/demonstration  area  | 

ID  areas  for  test  track 
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Objective  5.2:  Maintain  and  Improve  Facility  Efficiency  and  Capability  | 

Task  5.2.1  Keep  machine  shop  functional,  used  and  maintained 

ITask  5.2.2:  Install  EV  Chargers  | 
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Objective  5.2:  Maintain  and  Improve  Facility  Efficiency  and  Capability 

Task  5.2.1  Keep  machine  shop  functional,  used  and  maintained _ 

Task  5.2.2:  Install  EV  Chargers _ 


PROJECT  HATCHERY  ALAMEDA  FY  97  BUDGET  (REVISED) 
EXPENSES  INCOME 


Utilities 

Services 

$47,905 

$21,550 

Tenant  Fees 
(Current  and  expected) 

$192,200 

Supplies 

$14,700 

1  ♦ 

Tenant  Reimbursements 

$3500 

Equipment  $18,515 

(Leases  and  Maintenance) 

Foundation/Corporate 
Funding  Assistance 

$10,000 

Travel  Allowance 

$1400 

Insurance 

$5040 

Direct  Labor 

$102,300 

Overhead 

$25,575 

Facility  Maintenance  $2400 

Total  Expenses: 

$239,385 

Total  Revised  Income: 

$196,700 

PROJECT  HATCHERY  ALAMEDA  FY  98  BUDGET  (Projected) 
EXPENSES  INCOME 

Utilities 

$48,000 

Tenant  Fees 

$220,000 

Services  $41,550 

(Includes  Marketing  Program) 
Supplies  $14,000 

Tenant  Reimbursements 

$3600 

Equipment 

Travel  Allowance 

$18,515 

$1500 

Foundation/Corporate 
Funding  Assistance 

$50,000 

Insurance 

$5040 

Direct  Labor 

$110,000 

Overhead 

$27,500 

% 

Facility  Maintenance  $5000 

Total  Expenses: 

$271,105 

Total  Projected  Income: 

$273,600 

15- 


CONFIDENTIAL  INTERNAL  DOCUMENT 
11  November  1996 

FY  97  Project  Hatchery  Alameda  Budget 

The  following  expense  budget  for  operation  of  the  CALSTART  business  incubator  at 
NAS  Alanieda  for  FY  97  is  based  on  historical  costs,  contracted  amounts,  and  allowances 
for  expenditure  in  selected  categories.  All  expenses  are  monthly. 

Utilities 


Water/Sewer  (Historical) 

$500 

Electric  power  (Historical) 

$2000 

Propane  (Historical) 

$667 

Phone/FAX  (Historical) 

$325 

Subtotal: 

$3492 

Services 

Trash  pick-up  (Historical) 

$165 

Facility  maintenance  (Allowance) 

$200 

Temporary  help  (Allowance) 

$112 

Security  (Contract  amount) 

$200 

Jamtorial  (Contract  amount) 

$1450 

Subtotal: 

$2127 

SuDDlies 

Facility  consumables  (Allowance) 

$400 

Office  (Historical  incl.  CS/North) 

$400 

Postage/Courier  (Historical) 

$70 

Copies  (Historical) 

$120 

Periodicals  (Allowance) 

$35 

Unlisted  items  (Allowance) 

$200 

Subtotal: 

$1225 

Eauinment 

Equipment  leases  (Contract  amount) 

$650 

Equip’t.  Maintenance  (Contract  amount) 

$168 

Machine  shop  O&M  (Allowance) 

$200 

Safety/Training  (Allowance) 

$100 

Subtotal: 

$1118 
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Personnel 


Direct  labor  (incl.  3%  escalation  per  JP) 
Overhead  @  25% 

Facility  maintenance  person  (Allowance) 
Travel 


$1408 

$100 


Subtotal: 


Insurance 


Allocated  CGL  and  Property 
Workers  Comp 


$334 

$86 


Subtotal:  $420 

TOTAL:  $19,757 
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A  California  Non-Profit 
Consortium  Developing 
Advanced  Transportation 
Technologies 


Project  Hatchery  Alameda  Directory 


Name 

^  PHorteNo-S 

RersonS^tisla 

Alameda  Center  for 
Environmental  Technologies 

510-263-9874 
fax:  263-0261 

Joan  Michlin,  Office  Mgr. 
Sam  Doctors,  CEO 

Developing  an  incubator  for 
environmentally  related  companies 

Altamont  Technologies,  Inc. 

510-865-6533 

415-921-7477 

Richard  Farrell, 

President 

Development  of  fuel-effcient,  lightweight, 
monocoque  composite  transport  modules 

CALSTART 

510-864-3006 
fax:  864-3010 

John  Huetter, 

Director,  Project  Hatchery 

Non-profit  consortium  developing 
advanced  transportation  technologies 

Clean  Air  Products 
Technology 

510-864-3160 
fax:  864-3159 

Tim  Perry, 

President 

Develop  and  fabricate  process 
clean-up  and  recycling  equipment 

Datronics 

510-864-3150 
fax:  864-3151 

Walt  Day, 

CEO 

Design,  develop  and  prototype  unique 
electric  "Power-lift  Wheelchair". 

EBCRC-Workers  to 

Business  Owners  Project 

510-864-3152 
fax:  864-3154 

Pam  Calloway 

Project  Coordinator 

Helping  former  base  workers  develop  their 
own  businesses. 

Forem  Metal  Manufacturing 

510-864-8102 
fax:  864-8125 

Roland  Maynard, 
Production  Manager 

Truck  body  modifications  to  increase 
payload  and  access. 

Franklin  Environmental 

510-864-3190 
fax  864-3192 

Carlos  Franklin, 
President 

Environmental  products  for  wastewater, 
remediation,  and  oil  spill  clean-ups. 

Green  Motorworks 

510-521-4300 
fax:  864-3010 

Bill  Meurer,  President 

Bob  Reese,  Bay  Area  Mgr. 

Conversions  to  electric  vehicles.  Electric 
vehicle  sales,  leases,  and  service. 

HORNET  Foundation 

510-521-8448 
fax:  521-8327 

Ralph  Johnson, 
Treasurer 

Preserve  and  operate  the  U.S.S.  HORNET 
as  a  floating  museum  and  base  re-use  facility. 

Jefferson  Programmed 

Power 

510-865-0672 
fax:  865-0673 

Lee  Ackerson, 

General  Manager 

Developing  and  producing  high  power  DC 
controliers  for  electric  vehicles. 

[Kaylor  Energy  Products 

510-521-8887 
fax:  864-3010 

Roy  Kayior, 

President 

Designers  &  manufacturers  of  hybrid  and 
electric  conversion  kits  and  vehicles. 

kummerow  Corp.  of 

INorth  America 

818-565-5688 

Hans  Kummerow 
President 

Development  and  assembly  of  high  energy 
density  zinc-air  batteries  for  bus  and  truck  fleets. 

^hasor  Corporation 

510-686-1788 
fax:  284-9442 

Bruce  Colley 

President 

Design  and  development  of  electric  and  hybrid 
electric  vehicle  components. 

Procyon  Power  Systems 

1 _ 

510-864-3179 
fax:  864-3180 

Gary  Noland, 

President 

Development  of  a  hybrid  vehicle  engine 
based  on  a  reactor/fuel  cell. 

^aste  Energy  Integrated 
feystems 

415-858-2114 

Chuck  Lombard 

President 

Research, design,  and  production  of  ethanol 
fuel  from  waste  products. 

Zebra  Motors 

1 _ 

510-864-3200 
fax:  864-3010 

Larry  Stadtner, 

President 

Development  and  manufacture  of  high- 
performance  electric  sports  cars. 

^Jpdated:  September  8.  1997 

I 

I 

I 
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November  11,  1995 


Planes,  brains  and  electric  automobiles 


Officials  find  new 
hope  for  base 


By  Kathleen  Kirkwood 

STAFF  WWTtR 

ALAMEDA  —  A  hangar  that 
:  sheltered  the  Navy’s  state-of-the- 
art  aircraft  for  54  years  officially 
shifted  gears  on  Friday,  becoming 
home  to  cutting-edge  electric  car 
technology. 

Top  defense  officials  ushered 
in  a  CAL5TAJRT  transportation 
hub  at  Alameda  Naval  Air  Station 
that  marks  the  first  civilian  toe¬ 
hold  at  the  clasing  base. 

Navy,  city  and  company  execr 
utives  gathered  in  the  cavernous 
hangar  to  sign  leases  and  turn 
over  the  keys. 

It  means  CALSTART,  a  state¬ 
wide  consortium  of  165  agencies 
and  companies,  can  start  using 
the  65,000-square-foot  building 
immediately. 

Three  electric  cars  from  com¬ 
peting  CALSTART  companies 
were  driven  in  for  the  ceremony, 
dwarfed  by  a  minesweeping  heli¬ 
copter  and  Navy  jet  parked  in  the 
hangar. 

CALSTART’s  new  Project 
Hatchery  North  for  alternative 
transportation  companies  will 
provide  an  estimated  50  jobs  in 
the  next  six  months,  led  by 
anchor  tenant  Amerigon  Inc. 

“Some  good,  high-paying  jobs 
will  happen  right  away  and  the 
possibility  of  many  more  in  the 
near  future  exists,”  said  Mike 
Gage,  president  and  chief  exec¬ 
utive  officer  of  CALSTART. 

‘  Amerigon  and  CALSTART  were 
lured  by  $2.9  million  in  defense 
and  federal  transit  matching 
grants,  engineered  by  Rep.  Ron 


Lon  Bell,  president  of  AmeHgon,  addresses  the  at  NAS.  Amerig 
crowd  during  Frida/6  lease>slgnlng  ceremonies  such  as  the  one 


Dellums,  D-Oakland. 

Setting  up  shop  In  the  hangar, 
on  the  edge  of  tlie  base’s  airfield, 
means  a  dramaUc  change  for  both 
the  base  and  the  community,  said 
Deputy  Assistant  Secretary  of  the 
Navy  William  J.  Cassidy  Jr. 

Cassidy  told  about  200  offi¬ 
cials  at  the  event  that  he  had  just 
finished  touring  several  of  the  na¬ 


tion’s  171  milita^  installations 
that  are  undergoing  closure  or  re¬ 
alignment,  su^  as  Long  Beach 
Naval  Shipyard  and  the  Philadel¬ 
phia  Naval  Shipyard. 

“These  bases  across  the 
country  have  served  the  nation  so 
well  that  they  have  become  part  of 
the  spcial  fabric  of  communities,” 
Cassidy  said. 


on  will  manufticture  efectrfc  cars 
in  the  foreground  at  NAS. 

The  CALSTARf  hub  means  the 
base  will  now  “project  America’s 
economic  might  ifcross  the  world 
just  as  the  Naval  Air  Station  for  so 
long,  60  years,  projected  Amer¬ 
ica’s  irught  across  the  globe,”  said 
Cassidy. 

Amerigon’s  president,  Lon  Bell, 
Please  see  Base,  A-9 
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Base:  Deal  may  mean  new  life,  jobs 


Continued  from  A-1 

said  the  all-aluminum  chassis  made 
by  his  company  for  electric  vehicles 
represents  a  marriage  of  industry 
and  defense  technology,  including 
assistance  from  Lawrence  Liver¬ 
more  National  Laboratory. 

Cutting-edge  technology  is  now 
“sitting  on  the  shelf,”  said  BeU. 
Electric  and  alternative  vehicles 
represent  a  new  front  in  economic 
wars,  said  Bell,  alluding  to  Japan’s 
progress  in  the  area. 

“It  is  up  to  us  to  take  these  re¬ 
sources  and  now  apply  them  for  a 
new  battle  that  we  are  going 
through,  a  global  economic  battle,” 
said  Bell. 

Along  with  Amerigon,  the  new 
hub  has  three  other  start-up  ten¬ 
ants:  Green  Motorworks,  Jefferson 
Programmed  Power  and  U.S. 
Electric  Car. 

The  base  is  due  to  close  in  April 
1997,  and  the  lease  with  CALSTART 
is  a  symbolic  boost  to  local  efforts 


to  replace  3,000  lost  jobs. 

“We  have  come  a  long  way  since 
that  day  they  announced  the  base 
would  close,”  said  Alameda  Mayor 
Ralph  Appezzato. 

Just  last  month,  the  city  lost  "a 
top  contender  to  bring  jobs  to  a 
100,000-square-foot  building  at  the 
base,  AEG  Transportation  Systems. 

Now,  however,  it  looks  hkC 
CALSTART  may  lure  a  Norwegian 
company  that  could  occupy  the 
space  that  AEG  had  targeted.  Tke 
firm,  PIVCO  of  Norway,  wants  to 
bring  both  assembly  lines  and ’  a 
showroom  to  sell  electric  cars  at  the 
site,  said  Kay  Miller,  reuse  ageiv^ 
executive  director. 

Getting  the  leases  —  one  be¬ 
tween  the  Navy  and  the.  Alameda 
Reuse  and  Redevelopment  Authorffy 
and  another  between  the  reuiSe 
agency  and  CALSTART  —  hasfrt 
been  easy,  and  has  involved  several 
players,  said  Paul  Dempsey,  the  di¬ 
rector  of  the  Office  of  Economic  Ad¬ 
justment. 
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Sunday,  May  5,  1996 


^an Jrandsco  ^mincr 


By  Scott  Cecil 

MEDILL  NEWS  SERVICE 


The  state’s  decision 
this  spring  to  roll 
back  electric  car  quo¬ 
tas  might  have  easily 
crushed  California’s 
nascent  electric  vehicle  indus¬ 
try.  But  it  didn’t. 

The  state  Air  Resources 
Board  on  March  29  unani¬ 
mously  stripped  a  1990  re¬ 
quirement  that  car  manufacturers  make  2  percent  of  all 
Cahfornia-sold  cars  exhaust-free  by  1998.  The  quota 
would  expand  to  5  percent  of  all  California  cars  by  2001 
and  10  percent  by  2003. 

Instead  of  the  quota,  the  "big  seven”  car-makers  — 

General  Motors,  Ford,  Chrysler,  Toyota,  Nissan,  Honda 
and  Mazda  —  agreed  to  put  a  combined  total  of 800,000 
electric  cars  on  California  roads  by  2010. 

California’s  investment  in  electric  cars  is  substantial. 

Industry  insiders  estimate  that  the  state  accounts  for 
about 2,000  alternative-fuel  vehicle  jobs,  about  300  com- 
•  panies  and  about  half  a  billion  dollars  worth  of  research 
and  development 

Considering  the  stakes,  the  lifted  mandate  could 
have  spelled  disaster.  What  might  have  been  a  death 
blow  a  few  years  ago,  however,  is  now  just  a  small  bump 
in  the  electric  vehicle’s  road,  apparently.  To  hear  indus¬ 
try  people  tell  it,  the  electric  car  industry  has  achieved 
escape  velocity  from  the  car  show  and  is  well  on  its  way 
into  mainstre^  traffic. 

"It’s  starting  to  have  a  momentum  of  its  own,”  said 
Bill  Van  Amburg,  communications  director  for  Bur- 
bank-b^ed  CalStart,  a  non-profit  consortium  of  about 
300  alternative  fuel-vehicle-related  companies  in  Cah- 
fomia. 

Van  Amburg  insisted  that  the  abolished  mandate 
"hasn’t  hurt  the  industry,”  but  allowed  that  defanging 
the  state  regulation  has  produced 
“a  change  in  the  landscape.” 

He  pointed  to  recent,  electrical¬ 
ly  powered  ofierings  by  estab¬ 
lished  automakers  as  evidence 
that  the  movement  toward  electric 
vehicles  have  reached  a  critical 
mass  of  viability  and  market  visi¬ 
bility. 

In  early  April,  both  the  Ameri¬ 
can  Honda  Motor  Company  and 
Toyota  Motor  Sales  USA  an¬ 
nounced  plans  to  put  electrically 
powered  cars  on  the  road  in  Cali¬ 
fornia  by  1998,  Both  cars  will  use 
nickel-metal  hydride  batteries, 
which  allow  cars  to  roam  much 
farther  afield  than  cars  dependent 
on  traditional  lead  acid  batteries. 

Citing  the  high  cost  of  the  ad¬ 
vanced  battery  packs,  however  — 
the  batteries  to  be  used  in  the  1998 
cars  have  been  estimate  to  cost 
tens  of  thousands  of  dollars  —  car 
companies  cried  poverty  to  the 
^te. 

If  they  were  forced  to  sell  elec¬ 
tric  cars  by  the  state’s  initial  dead¬ 
line,  car  makers  said,  they  would 
have  to  be  fitted  with  inefficient, 
range-linuting  lead  add  batteries.  Consumers  accustomed  to  gasoline  cars,  the  argu¬ 
ment  ran,  would  sour  on  the  electric  car  before  the  new  batteries  could  be  phased  in, 
poisoning  public  opinion  against  the  whole  concept. 

For  companies  already  offering  complete  electric  cars,  however,  the  news  that  most 
big  American  carmakers  won’t  be  plugging  into  the  electric  market  en  masse  right 
away  is  welcome. 

“In  a  nutshell,  it’s  very  good  news  for  us,”  said  Bill  Meurer,  president  of  North  Hol- 
l3nvood-based  Green  Motorworks.  "Well  be  able  to  get  a  higher  price  for  our  vehicles,” 


In  business  since  1991  and  in 
the  black  since  last  January,  Mo¬ 
torworks  imports  electric  cars 
and  converts  gasoline-engined 
vehicles  ranging  from  station 
wagons  to  sports  cars. 

Some  companies  had  seen  the 
quota  climb-down  coming  years 
^eadoftime. 

“Our  company  was  not  at  all 
immediately  affected,"  said 
Joshua  Newman,  a  spokesman 
for  Amerigon,  a  electric  car  com¬ 
pany  in  Monrovia  in  Los  Angeles  County. 

The  4>$-year-old  company,  which  employs  more  than 
60  people  in  its  electric  car  design  services  and  electric 
car  and  car  parts  manufacturing  divisions,  recently  be¬ 
gan  production  in  a  former  Naval  Air  Station  Alameda 
building. 

"Our  strategy  was  re-oriented  away  fix)m  the  United 
States  several  years  ago,”  Newman  said,  “It  was  clear ... 
that  the  car  companies  were  going  to  fight  (the  mandate) 
strongly,  and  that  the  oil  firms  were  going  to  join  them.” 

Since  then,  Amerigon  heis  focused  on  exporting  to  In¬ 
dia,  China  and  Southeast  Asia.  Explosive  growth  in  the 
auto  markets  of  developing  nations,  combined  with  high 
demand  for  non-polluting  urban  vehicles  and  lack  of  po¬ 
litical  opposition,  Newman  said,  make  overseas  mar¬ 
kets  more  attractive  than  American  markets  anyway. 
The  low  single-digit  growth  of  the  U.S.  auto  market,  he 
said,  pales  next  to  the  roughly  15  percent  annual  growth 
seen  in  electric  vehicle  markets  abroad. 

“Speaking  for  the  industry  as  a  whole,  the  reduction 
of  the  mandate ...  has,  in  my  opinion,  slowed  the  growth 
of  the  U.S.  market  (for  electric  car),"  Newman  said. 

Newman  said  he  was  distre^d  that  just  a  few 
months  after  carmakers  told  the  board  that  battery 
technology  wasn’t  advanced  enough  to  market,  both 
Toyota  and  Honda  announced  that  their  1998  electric 
cars  would  have  the  new  batteries. 

While  stopping  short  of  calling  the 
car-makers  liars,  Newman  contend¬ 
ed  that,  “The  battery  technology  was 
considerably  more  advanced  than 
wastepresented  to  the  Air  Resources 
Board." 

Robert  Bienenfeld,  manager  of 
Honda’s  Alternate  Fuel  Task  Force 
in  Torrance,  insisted  that  “we  really 
didn’t  hold  anything  back”  in  discus¬ 
sion  with  the  board  and  battery  mak¬ 
ers. 

As  a  result  of  the  lifted  mandate, 
Honda  vdll  now  only  have  to  make 
300 cars  over  the  next  three  years,  in¬ 
stead  ofbeing  forced  to  produce  2,500 
electric  cars  per  year  from  1998  to 
2001. 

“Our  studies  showed  that  there 
was  a  very  limited  market  for  the 
cars  with  the  limited  range  that  lead 
add  batteries  could  deliver,"  Bienen¬ 
feld  said. 

San  Frandsco-based  U.S.  Elec- 
tricar,  on  the  other  hand,  was  hit 
hard,  albeit  indirectly,  by  percep¬ 
tions  that  1994*8  congressional  sea 
change  and  the  rising  tide  of  Republi¬ 
cans  in  the  statehouse  augured  ill  for 
the  state  quotas. 

“It  put  a  general  chilling  effect  on  the  entire  industry,"  said  John  Micek,  Electricar’s 
CEXD.  Potential  Investors  he  said,  were  frightened,  and,  “Everybody  kind  of  backed  off.” 

^though  the  company's  emphasis  is  on  commerdal  vehicles,  Micek  said,  Electricar 
had  to  slash  its  worldbrce  fium  300  to  76  people  over  the  past  year,  and  is  currently  in 
negotiations  with  creditors  to  restructure  its  debt 

Micek  predicted  Electricar  wiU  expand  once  again,  but  focused  mostly  in  markets  in 
Mexico  and  Asia. 

“We  think  that  the  pall  has  lifted,"  he  said.  “We  think  the  market  is  there." 


State’s  electric  car 
industry  not  stalled  by 
regulation  changes 


EXAMINER /EUZABETH  MANGELSOORF 


Rea(fr  to  rod:  U.S,  Electricar  CEO  iicy  Kusunvoto  shows 
off one  of  his  SE*.  compands  latest  models. 


EXAMINES /CRAIG  LE 

Assembly  required:  A  friune  for  an  electric  car  is  welded  together  at  Amerigon  uiAlameda. 
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PHOTOS  BY  YINCP  MAGGK>RA/THE  CHPONICIE 

Zebra  Motor  Inc.  of  Novato  showed  off  its  fwo>seat  electric  sports  car  at  the  Alameda  Naval  Air  Station 

An  Electrifying  Conversion 


Clean  transportation 
startups  hatched  at 
Alameda  air  station 

By  Jonathan  Marshall 
C^ironlclt  Economics  Editor 

Looking  out  on  million-dollar 
views  of  San  Francisco  and  the 
Bay,  dozens  of  government  off  i> 
cials,  engineers  and  curious  citi¬ 
zens  zipped  around  the  Alameda  Naval 
Air  Station  airfield  yesterday  in  electric 
cars. 

The  occasion  was  the  first  open 
house  of  a  business  incubator  center 
housing  eight  small  companies  in  the 
clean  transportation  field.  These  start¬ 
ups  are  pioneering  the  conversion  of  the 
1,842-acre  Alameda  Naval  Air  Station  to  - 
civilian  uses,  before  the  Navy  finishes  Its 
pullout  next  April. 

Located  at  the  air  station's  Hangar 
20,  the  center  was  opened  only  about  six 
months  ago  with  the  help  of  a  $2.5  mil¬ 
lion  federal  grant  from  Calstart,  a  non¬ 
profit  consortium  dedicated  to  advanc¬ 
ing  transportation  technology  in  Califor-  • 
nia. 

.  Already  the  incubator  employs  50 
and  is  three-quarters  leased.  An  A-6  In¬ 
truder  aircraft  parked  Just  outside,  with 
its  wings  folded,  is  the  only  reminder 
that  military  jets  were  once  housed  in 
the  65,000-square-foot  space. 

“Just  a  few  months  ago  this  hangar 
was  empty  and  the  mood  was  solemn." 


said  Alameda  Mayor  Ralph  Appezzato. 
'Thanks  to  Calstart  we  have  a  hangar 
full  of  vibrant  activity,  full  of  hope  and 
optimism." 

The  idea  behind  business  incubators 
is  to  create  synergies  by  putting  small 
companies  In  the  same  industry  side  by 
side. 

Calstart  has  created  a  similar  busi¬ 
ness  incubator  for  clean  transportation 
companies  in  its  hometown  of  Burbank. 
That  site  now  has  25  businesses. 

Michael  Gage,  president  of  Calstart, 
said  both  should  prove  viable.  "Alameda 
can  become  a  center  and  prestige  ad¬ 
dress  for  the  advanced  transportation 
technologies  Industry,”  he  said. 
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The  U.S.  Defense  Depaitmdht  has 
helped  fund  some  of  the  technology  that 
was  on  display  at  yesterda3r*s  open 
house. 

Thanks  to  a  grant  from  the  Defense 
Department,  engineer  Lee  Ackerman, 
who  works  out  of  the  hangar  just  per¬ 
fected  a  DC-motor  controller  that  could 
slash  the  cost  of  high^)erfonnance  elec¬ 
tric  vehicles.  He*s  close  to  signing  a  sales 
agreement  with  Zebra  Motor  Inc.  of  No¬ 
vato,  which  gave  participants  at  the 
open  house  high-speed  test  drives  of  its 
snazzy,  two-seat  sports  car. 

Zebra  also  may  relocate  to  the  naval 
air  station,  but  is  considering  incentive 
ELEaRIC:  Payees  Coil 


ELECTRIC:  Station^SiiGonyi^sb^ 

packagiMfromotyfCsa^^ 

said  Ga^  Starr,  who  helped  found  it  begin  selling  ife  sporty;  two^^t  Impact 

along  with  an  electric  bicycle  company,  electric  car  next  y«^,  these  and  other 

Zap  Power  Systems  of  Sebastopol.  -  ;  startup  companies  in  Alameda  hope  to  ' 

Its  car,  which  proved  a  hit  with  the  ride  a  wave  of  .gro'wing  public  interest  in 

crowd,  will  retail  for  about  $20,000  in  full  quiet,  nonpoUutihg  vehicles,  t 

production.  It’s  not  the  most  practical  But  Meiurer  Conbeided  his  firm,  and 

car,  Starr  concede,  but  it’s  eye-catching  the  industry  as  a  whole,  needs  some  ; 

and  peppy.  You  may  not  be  able  to  go  400  breakthroughs  in  range  and  cost  before 

miles  in  the  Zebra,  he  said,  “but  you  .  electric.vehicles  will  become  big  sellers, 

should  at  least  have  fun  for  40  mil^.’’  “We  cannot  provide  a  replacement  for 


:  A  more  ped^trian-looking  two-seat¬ 
er  will  become  available  this  month  to  ■  -  - 


the  gas  car  right  now,”  he  smd. 


BART  stations,  thaiiks  to  Green  Motor- 
works,  a  North  Hollywood  electric.yehi-_. 
cle  marketer  that  has  space  in  the_iSda-  : . 

,  ineda  hangar. 

j  j  EarUerthisyWi  m^  . 

I  of  its  smapeiectric  ca^.;^ere  stitioned — 
I  at  the:^liby  BART  s^tion^where  they — 
'  have  proyeua  liit  ydth^mploy  Sy¬ 

base  ?mdptherxqmpaUl(Kthati^e'-^^ 
iheniff  or  local  tti|^7^‘W07i|on’t)^ 
endughleafs  for  everyQip;Whoitvahts 
them,’’ said  WiUiamMeufer,prfeideht‘7 
of  Green  MotorwOrk^%*'§^ 

I  Green’s  cars. TvUl  come  mth’diiala^^ 
bag^iti^vOl  up  todO  mU^.p^^^  hour  and 
have  a  range  of  .about  MiUiies  on  a  bat- 


genei^pubflc  hejd'yearfor  about 
(XX),  MeUrer  ^iFor  ^  .  ' 

more  traditional  d^iign  tai^,  Me'urer 
also  hed  electric  conversions  of  an  ARa 
Romeo  Spyder  and  a  Ford  Escort  station 
wagon  on  display.  :'5;Vi7 
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Photo  by  Kathy  Baker 


Jeff  Gile,  an  Alameda  High  School  graduate  who  is  now  vice  president  of  CALSTART  open  house  July  22.  The  event  celebrated  the  establishment  of 
engineering  for  Zebra  Motors  Inc.,  (in  passenger  seat)  accompanies  a  visitor  the  advanced  transportation  technologies  “hatchery”  at  Naval  Air  Station 
for  a  test  drive  of  his  company’s  nearly  silent  electric  sports  car  at  the  Alameda, 

CALSTART  hatchery  ‘just  the  beginning’  at  base 


By  David  Quigg 

Staff  Writer 

The  engine  driving  base  redevelop¬ 
ment  is  almost  silent,  but  that  doesn't 
mean  it’s  not  working. 

With  a  couple  dozen  electric  hatch¬ 
backs,  convertibles  and  sedans  decorat- 
*  ing  its  working  factory,  the  CALSTART 
“advanced  transportation  technology" 
consortium  welcomed  civic,  business  and 
government  leaders  and  the  press  to  its 
home  in  an  old  aircraft  hangar  at  Naval 
Air  Station  Alameda. 

CALSTART  Chief  Executive  Officer 
and  President  Michael  Gage  told  about 
200  visitors  to  the  hangar  that  his  fledg¬ 
ling  industry  is  unlikely  to  cluster  in  one 
place  like  the  auto  industry  did  in  Detroit, 
but  he  expects  big  things  in  Alameda. 

“This  is  just  the  beginning,"  he  said. 
“It  is  our  strong  belief  that  the  Alameda 
Naval  Air  Station  can  become  ...  a  pres¬ 
tige  address  for  the  advanced  transpor¬ 
tation  technology  industry.” 

CALSTART  has  only  been  at  NAS  since 
last  November,  when  it  became  the  first 
private  tenant  of  the  base  reuse  effort. 
Since  then,  the  consortium  has  rented  70 
percent  of  the  70,000-square-foot  hangar 
to  various  start-up  companies. 


Termed  a  “hatchery,"  CALSTART's  companies  have  brought  SO  jobs  to  the 
hangar  is  a  place  where  these  firms  can  base. 

try  to  make  dreams  of  transportation  in-  NAS  Commanding  Officer  Capt.  Jim 
novation  come  true.  So  far,  eight  hopeful  Dodge  predicted  “more  CALSTARTs  and 


more  opportunities"  for  the  base. 

Many  credited  Rep.  Ron  Dellums,  D- 
CA,  for  hatching  the  hatchery  at  NAS. 
Sandr6  Swanson,  who  represents  Dellums 
on  the  Alameda  Reuse  and  Redevelop¬ 
ment  Authority,  said  the  entire  effort 
prior  to  NAS’s  1997  closure  should  show 
the  rest  of  the  country  “you  can  breathe 
life  into  a  base  before  it  is  closed." 

Mayor  Ralph  Appezzato  said  he  felt  a 
new  sense  of  hope  in  CALSTART’s  han¬ 
gar. 

“The  future  of  our  community  is  very 
bright  indeed,"  he  said.  "...  Just  a  few 
months  ago  this  hangar  was  empty  and 
there  was  no  cause  for  joy  and  celebra¬ 
tion  ...  We  will  succeed  in  converting  this 
historic  base  into  an  economic  engine  that 
we  in  the  region  can  all  be  proud  of." 

Another  sort  of  engine  was  humming 
almost  inaudibly  shortly  after  the  mayor’s 
speech.  Appezzato  took  the  Zebra  Model 
Z  out  for  a  test  drive.  The  Novato  com¬ 
pany  that  makes  the  sleek  convertible 
electric  sports  car  is  considering  a  move 
to  CALSTART’s  hatchery. 

Appezzato  was  enthusiastic  after  his 
brisk  spin. 

“Those  who  can  afford  to  purchase  an 
electric  vehicle  should,”  he  said.  “They 
see  CALSTART,  page  12 


CALSTART - 

continued  from  page  1 

look  like  and  feel  like  you're  driv¬ 
ing  a  sports  car." 

Calling  the  vehicles  ideal  for 
the  island,  he  had  similar  opti¬ 
mism  for  the  hatchery. 

"This  is  a  concrete  example 
that  this  air  station  can  be  produc¬ 
tive  and  can  be  an  economic  re¬ 
birth  for  the  region,"  he  said,  add¬ 
ing  that  the  hatchery  need  not 
have  a  perfect  record  with  the 
firms  it  brings  to  the  island.  “If 
just  one  succeeds,  it  will  be  a  suc¬ 
cess." 


Reuse  authority  Executive  Di¬ 
rector  Kay  Miller  said  she  expects 
CALSTART's  hatchlings  to  ex¬ 
pand  to  other  base  facilities  as 
they  grow.  She  added  that  her  of¬ 
fice  likes  the  hatchery  concept 
and  is  interested  in  using  it  again 
with  biotechnology,  environmen¬ 
tal,  telecommunications  and  mo¬ 
tion  picture  companies. 

“We  think  this  is  a  perfect 
model  for  the  kind  of  things  we’d 
like  to  expand  upon  here,"  she 
said. 

-26- 


News  for  the  Customers  and  Communities  We  Serve 


In  This  Issue  •  PG&E,  Part  of  the  Economic 
Community  •  Trees,  Power  Lines,  And  You 
•  New  PG&E  Uniforms  •  Oriental  Salmon 


Why  PG&E 
Trims  Trees,  And  What 
You  Can  Do  To  Help 

Tree  pruning  is  important  and 
necessary.  In  fact,  state  law 
requires  utilities  to  regularly 
prune  trees  from  high  voltage  lines. 
PG&E  spends  an  average  of  $50  million 
a  year  pruning  trees,  and  has 
increased  the  budget  for  the  future. 


Take  a  moment  to  look  at 
the  overhead  lines  in  your 
neighborhood.  There  are  tliree 
lines  to  recognize — the  prima¬ 


ry  or  high- _ 

voltage  *1^ 

lines,  the  secondary  or  low- 
(coniinuedon  backpage,  col.  2) 


PG&E  Plays  a  Role  In  California’s  Economic  Vitality 

IS  NOT  ONLY  THE  GAS  AND  ELECTRIC  COMPANY,  We'RE  PART  OF  THE  LOCAL  ECONOMY  IN  EACH  COMMUNITY^ WE  SERVE 


TO  help  make  California  a  more  attractive  place 
to  live  and  work,  PG&E  has  created  partner¬ 
ships  with  other  businesses,  non-profit  groups 
and  community  and  government  leaders  through  its 
Community  Economic  Vitality  Initiatives. 

In  addition,  PG&E  employees  have  made  contributions 
through  a  wide  variety  of  volunteer  and  civic  activities,  such  as 

being  members  of  local  eco¬ 
nomic  development  groups 
and  chambers  of  commerce 
and  by  serving  on  plan¬ 
ning  commissions. 

The  company’s  Commu¬ 
nity  Economic  Vitality  Initiatives  are  a  commitment  to 
ensuring  California’s  communities  are  competitive  in  today’s 
global  economy.  They  are: 


Small  business  development  and  incubators 

Business  incubators  are  facilities  where  new  and  growing 
businesses  operate  under  one  roof,  with  affordable  rents,  flexible 
leases,  shared  services  and  equipment  and  access  to  professional 
management  training  and  assistance.  PG&E  has  helped  to 
develop  20  business  incubators  which 
have  created  1,100  jobs  in  northern  and 
central  California. 


jobs  and  promote  strategic  economic 
planning.  These  include  the  Tri-Valley 
Business  Council,  Joint  Venture:  Silicon 
Valley  Network,  the  Bay  Area  Economic 
Forum  and  the  Economic  Vitalit)'  Corp.  of 
San  Luis  Obispo  Count)’. 

Military  base  conversion  and  reuse 

A  base  conversion  effort  is  occurring  at 
the  Alameda  Naval  Air  Station,  where  PG&E  recently  approved  a 
grant  for  the  Alameda  Center  for  Environmental  Technol¬ 
ogy  (ACET)  business  incubator.  It  will  be  home  to  25 
.  I  ,  small  businesses  that  will  take  the  information  from  envi- 
5  ronraental  research  facilities  around  the  country  and 
translate  that  knowledge  into  products. 

PG&E  also  contributed  a  grant  to  CALSTART,  an  alternative 
energy  incubator  at  Alameda  with  (so  far)  eight  businesses  that 
are  manufacturing  parts  for  electric  vehicles. 


Strategic  community  economic 

PLANNING 

PG&E  has  provided  funding  and  lead¬ 
ership  for  organizations  that  are  working 
to  retain  and  attract  businesses,  generate 


Business  and  community  climate  improvement 

By  working  with  local  governments  and  other  agencies, 
PG&E  seeks  ways  to  create  business-friendly  climates  in  the 
communities  we  serve.  For  example,  PG&E  co-sponsored  a  con¬ 
ference  in  northern  California  for  local  government  and  busi¬ 
ness  to  simplify  the  often  lengthy  permitting  process  for  new 
businesses. 

PG&E  thinks  these  initiatives  are  a  win-win  proposition: 
stronger  communities  and  markets  mean  a  stronger  PG&E. 

For  more  information  about  our  Community  Economic  Vitality 
Initiatives,  call  the  community  relations  department  at  (4 15) 
973-7389. 
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Alameda  ‘Hatcl 
incubates  high 


_ _  ^  ♦ , _ 

Hatchelv’  I  Clearwater  li 


In  the  rl^t  environment,  ^ 

[  breakthroughs  can  happen. 
That’s  ae' goal  of  Calstart, 
which  Is  operating  a  business 
Incubator  fpr  advanced  trans¬ 
portation  technologies  In  the 
former  aircraft  Hangar  20  at . 
Alameda’s  Naval  Air  Station. 

A  future  benefit?  Alameda 
would  become  a  center  for 
the  advanced  transportation 
industry,  with  more  ’’clean 

air"  vehicle  companies  and 
component  suppliers  setting 
up  their  facilities  here. 

The  result  could  be  hun¬ 
dreds  of  high-tech  Jobs  and'  . 
millions  of  dollars  moving 
through  the  Ipcal  economy.' 

This  new  yenture  is  the 
first  civilian'  reuse'  of  former 
Navy  facilities  and  equipment 

at  the  historic  base,  and  the 
first  transportation  technolo¬ 
gies  business  Incubator  In 
Northern  California.  , 

It’s  called  Project  Hatchery 
Alameda  because  the  goal  is 

to  help  the  fledgling  high 
technology  companies  survive 
until  they’re  ready  to  fly  alone 
into  the  marketplace.  ' 
Project  Hatcheiy  Aleuneda 
is  a  magnet  foi’.' economic  re¬ 
development  of  the  city  and 
provides  an  international 
focus  on  .Alameda  as  a  show¬ 
case  .for  advanced  transporta¬ 


tion  technologies. 

To  date.  Project  Hatchery 
Alameda  coiflpanles  have  cre¬ 
ated  more  than  60  jobs  In  the 
city  in  the  first  10  months  of  ' 
operation. 

Project  Hatchery  Alameda 
has  created  public  awareness 
of  the  high-tech  Industry 
through  a  partaershlp  with 
the  city’s  Bureau  of 
Electricity  to.  demonstrate 
electric  vehicles.  . 

Vehicles  frdm  companies 
in  Project  Hatcheiy  have 
made  appearances  at  Ala- , 
meda’s  Fourth  of  July  pa¬ 
rade,  Art  &  Wine  Festival,  the 
Park  Street  Car  Show  and 
Fleet  Week,  t  ' '  ■ 

Calstart  personnel  are 
working  with  other  compa¬ 
nies  to  organize  a  Job  fair  to 
help  the  West  Alameda  Busi¬ 
ness  .^sociatlori  prosper. 

"We  want  Alameda  to  be- 
corne  the  prlstlge  address  for 
the ‘clccin  air’ technology 
companies  that  will  make  ad¬ 
vances  in  the  surface  trans-. 
portatlon  business  In  the 
21st  Centuiy,”  said' John 
Huetter.  director  of  Project 
Hatchery.  For  more  Informa¬ 
tion.  contact  Huetter  at  (510) 
864-3006. 

—  BethJaJfe 


Environmental  firm 
seeks  more  work 
on  military  bases 

By  Beth  Jaffa  ; 

CORRESPONOEf^ 

T 

Some  say  it’s  all  In  the  genes. 
Her  grandfather  worked  for  the 
Sierra  .Club  for  some  20  years 
and  started  the  Alaska  Conser¬ 
vation  Foundation,  the  main 
funding  source  for  grass-roots 
foundations  In  Alaska. 

Todty,  young  entrepreneur 
Juniper  Neill  Is  vice  president  of 
.  Clearwater  Group  Inc.,  a  com¬ 
pany  formed  by  five  partners 
with  a  sln^e  goal  In  mind:'  to 
protect  health  and  the  environ¬ 
ment  by  providing  value-driven, 
commonsense  solutions  to  envi¬ 
ronmental  problems. 

,  Born  and  raised  in  Alaska  to 
parents  involved  hi  fishing  and 
the  tourism  Industry.  Neill  relo¬ 
cated  to  California  to  attend 
Mills  College  In  Oakland.  She 
graduated  In  199 1  with  a  degree 
In  International  relations  and 
environmental  studies,  and  now 
lives  In  Alameda. 

NelU  said  she  has  always  had 
an  mge  to  “help  solve  environ¬ 
ments  problems  In  large  and 
sniall  communities.’’ 

Along  with  her  partners 
—  Marcus  Nlebanck,  Adam  Nle- 
banck,  Madeleine  Fulford  and 
Henry.  Hurkmahs  —  Neill 
started  Clearwater  three  years 
ago;  It.now  boasts  annuS  reve¬ 
nues  of  more  than  $1  million. 

From  three  Western  ofilces  in 
.Oakland.  Eureka  and  Portland. 
Clearwater  serves  the  needs  of 


Alameda  rd 
monsense  si 

ilar  to  our  c 
Treasure  Isl 

Clearwatj 
services  reli 
ground  wafi 
eluding  feas 
remedial 
testimony  a 
Clearwater 
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Neill  sai^ 
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Field  trip  pioneers 

Students  from  Rising  Star  Montessori  School  recently  became  the  first  school  group  to 
ever  take  a  field  trip  to  the  CALSTART  electric  car  facility  at  Naval  Air  Station  Alameda 
First-graders  Matthew  O’Brien  and  Christina  Ozuna  and  second-grader  Cory  Goodman 
checked  out  one  of  the  small  hatchbacks  that  go  on  batteries  instead  of  gas  The  CALSTART 
consortium  was  the  first  company  to  move  to  NAS  as  part  of  the  base  reuse  effort. 
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More  firms  for 
Alameda  nest 

By  Lisa  Stowcll 
STAFF  WRIfER 

'fho  nc.sl  of  starlup  companies  ai  the 
Calstart  business  hatciiery  in  Alameda  con- 
limics  to  nil  as  two  llcdgling  companies 
prepare  to  move  in  Nov.  I. 

Cn  Corp.  and  G&A  Associates  have 
signed  lease  agrceincnis  and  hope  to  act  as 
yet  another  success  story  operating  out  of 
the  former  Naval  Air  Station. 

“They  are  further  proof  that  something 
can  be  done  down  here  besides  shutting  the 
whole  place  down."  said  John  Mueller, 
director  of  Calstart's  Project  Malchcry 
Alameda. 

In  fitting  with  Calstart's  charter,  both 
companies  will  create  high-tech  jobs  while 
developing  environmentally  friendly, 
advanced  transportation  products  or  ser¬ 
vices. 

In  return,  the  new  companies  will  be 
nurtured  along  with  consulting  scr\'iccs, 
affordable  space  outfitted  with  machinerv'. 
and  networking  opportunities  with  other 
starlup  businc.sscs. 

CTJ,  a  former  defense  contractor  now 
operating  out  of  Hayward,  supported  the 
Alameda  base  since  1982.- Two  years  ago. 
the  company  employed  35  people  to  pro¬ 
vide  engineering  support  for  aircraft  sys¬ 
tems.  Only  six  employees  remain  today. 

“Although  we  were  an  adversely  affect¬ 
ed  business.’*  said  CTJ  Director  Gary 
Baggett,  “we  w  ant  to  stress  the  fact  that  we 
capitalized  on  our  overseas  contacts  to  sur¬ 
vive  the  base  closure." 

Currently  under  contract  with  the  Coast 
Guard  in  Oakland,  Baggett  said  CTJ  will 
continue  to  dabble  in  government  contracts 
while  at  the  hatchery,  but  with  plans  to 
focus  on  other  Calstart  participants. 

G&A  Associates,  a  company  of  three 
partners,  will  also  move  into  Alameda’s 
Hangar  20  at  the  first  of  the  month. 

‘There’s  a  real  synergy  that  we  believe 
will  come  about  from  relocating  to  the 
hangar,”  said  company  President  Gary 
Noland. 

In  the  business  of  producing,  storing, 
transporting  and  using  hydrogen.  G&A  will 
work  toward  developing  a  hybrid  engine  -- 
an  internal  combustion  engine  and  fuel  cell 
-  that’s  only  by-product  is  water. 
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FINANCING  OPTIONS 

When  BBC  creates  new  programs,  it 
makes  sure  not  to  depend  on  continue 
ous  support  from  the  surrounding  pub¬ 
lic  and  private  funding  sources.  “In  or¬ 
der  to  raise  capital  for  our  Green 
Industry  Commercial  Loan  Fund,  we 
first  obtained  seed  money  from  private 
companies,  and  from  San  Jose,”  Rob¬ 
bins  notes.  “The  result  is  an  indepen¬ 
dent  fund  that  lends  an  average  of 
$50,000  to  a  cluster  member  at  the 
same  interest  rate  as  banks.”  So  far, 
only  a  few  of  the  companies  in  the 
cluster  that  received  such  loans  have 
had  minor  repayment  difficulties. 

The  Environmental  Capital  Net¬ 
work  has  proven  to  be  another  good 
source  for  funds.  The  Ann  Arbor, 
Michigan  organization  connects  small 
companies  to  irivestors  and  arranges 
conferences  where  entrepreneurs  pre¬ 
sent  their  business  ideas  in  an  allotted 
time  frame  of  three  minutes  each.  “A 
business  cluster  with  a  specific  focus  is 
very  attractive  to  investors,  compared 
to  a  single  start-up  company,”  explains 
Robbins.  “Some  large  corporations  and 
banks  are  especially  interested  in  doing 
a  so-called  strategic  investment,  by  of¬ 
fering  capital  in  exchange  for  a  proto¬ 
type  of  the  new  product,  or  simply  by 
owning  shares  of  the  small  company.” 
The  sums  invested  vary  from  $.25  mil¬ 
lion  to  $1  million  per  company. 

BBC  start-ups  also  may  form  strate¬ 
gic  partnerships  with  larger  corpora¬ 
tions,  as  happened  with  one  cluster 
company  and  a  major  manufacturer  in 
the  electronics  industry.  The  small 
company  was  financed,  and  in  return 
developed  an  environmental  product 
that  the  large  corporation  needed. 
The  corporation  was  provided  with  a 
certain  amount  of  the  product,  and 
then  the  partnership  ended.  Similar 
partnerships  have  been  very  success¬ 
ful,  “The  challenge  is  to  find  the  right 
person  in  the  larg^^orporation  — 
somebody  who  sees  the  potential  and 
makes  the  decision,”  Robbins  says. 
Another  creative  way  of  financing 
the  start-ups  is  to  offer  large  corpora¬ 
tions  10  percent  of  their  profit  each 
year,  in  exchange  for  a  yearly  contri¬ 
bution  of  capital. 

CLUSTER  MODEL 

Companies  in  the  Environmental 
Business  Cluster  are  often  run  by  only 
two  or  three  people.  Many  of  them  are 
technically  skilled,  but  lack  business 
know-how.  Some  were  fired  due  to 
downsizing  at  a  previous  job,  and  oth¬ 


ers  wanted  to  switch  careers.  When  a  number  of  the  bases  are  located  in 
the  businesses  are  ready  to  “graduate,”  natural  habitat  areas,  attention  is  be- 
they  have  generally  grown  to  employ  ing  paid  to  ecological  concerns  during 
10  to  20  people.  “The  growth  rate  af-  the  conversion,  and  environmental 

ter  graduation  is  exponential,  al-  companies  and  organizations  have 

though  uneven,”  says  Robbins.  “A  few  been  participating, 
companies  become  very  big  in  a  couple  One  example  is  Project  Hatchery 

. .  Alameda,  which  is  a  part  of  CalStart,  a 

■  .  '  comprehensive  joint  venture  in  the 

By  the  end  of  1997,  transportation  industry.  Sixteen  small 

companies  occupy  the  cluster  located 
at  the  former  Naval  Air  Station, 
Alameda.  They  develop  technology  for 
hybrid  and  electric  cars,  and  other  ad¬ 
vanced  transportation  technology  that 
aims  to  reduce  air  pollution.  One  com¬ 
pany  converts  conventional  cars  to 
electric  cars,  and  sells,  rents  and  repairs 
electric  cars.  Another  firm,  Zap  Racing, 
recently  graduated  from  the  cluster.  It 
makes  electric  bicycles  and  presently 
Employs  more  than  40  people.  The 
cluster  also  aims  at  reaching  fired  per¬ 
sonnel  from  the  base  closure,  and  cur¬ 
rently  employs  around  60  people  that 


John  Huetter,  project  director  of  Project  Hatchery  Alameda,  demonstrates  an 
electric  vehicle  from  Norway  that  will  be  used  to  shuttle  commuters  to  and 
from  mass  transit  stations. 


of  years,  while  the  majority  have  a  previously  worked  at  the  base, 
more  modest  growth  rate  of  less  than  John  Huetter,  project  director,  ex- 
20  percent  a  year.”  plains  that  the  cluster  model  has  be- 

Robbins  has  also  started  business  come  popular  in  California  since  the 
clusters  for  communication  and  soft-  economic  recession  that  started  after 
ware  start-ups.  His  objective  is  to  start  the  end  of  the  cold  war.  “California 
four  or  five  clusters  within  all  three  lived  long  and  well  on  a  strong  defense 
sectors.  The  idea  is  that  a  high  con-  industry,”  he  says.  “With  today’s  mili- 

centration  of  green  businesses  in  a  re-  tary  disarmament,  people  have  had  to 

gion  leads  to  synergetic  effects,  just  look  for  new  areas  of  business  and  em- 
like  Silicon  Valley  does  for  the  com-  ployment.  The  business  cluster  model 
puter  industry.  By  the  end  of  1997,  he  has  been  shown  to  promote  new,  inno¬ 
hopes  that  five  environmental  busi-  vative  small  businesses.”  □ 

ness  clusters  with  125  total  companies 

will  be  operating  in  California.  Gunnela  Hahn  recently  completed  a  study 

The  cluster  model  also  has  success-  on  small,  environmental  companies  in  Ca!- 
fully  been  used  in  converting  military  ifomia  and  the  Bay  Area  for  the  Swedish 
bases  in  the  Bay  Area  to  civil  use.  As  Office  of  Science  and  Technology. 
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Photo  by  G.  Hahn 
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Runway 


-  I^oratory 

"  the  CALSTART  electric  car 
.'  Consortium  took  full  adv^- 
tage  of  the  amenities  at  its 
new  home  at  Alameda  Point 
recently.  In  their  search  for 
a  better  way  to  test  a 
vehicle’s  aerodynamics,  en* 
gineers  from  CALSTART 
tenant  Altamont  Technolo- 
gies  Incorporated  turned 
part  of  the  old  base’s  runway 
into  a  racetrack  to  test  a  for-  1 
mula  race  car  (above)  as 

well  as  electric  cars  (left). 

^  ^  —  Photos  by  Kathy  Bakei 
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I  de  grona 

smaforetagens  varld 

-  en  djupdykning  i  Kalifornien 


Civilekonom  Gunnela  Hahn  i  samarbete  med 
det  teknisk-vetenskapliga  attachekontoret  I  Los  Angeles 
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som  har  den  laggningen  far  har  en  chans.  Forst  far  de  beskriva  sin  affars- 
ide.  Darefter  gors  ett  antal  affarskonsulter  steg  for  steg  en  bedomning  av 
foretagets  mojligheter,  en  marknadsundersokning  och  slutligen  en  affars- 
plan.  Endast  de  foretag  med  riktigt  goda  forutsattningar  att  lyckas  ar  kvar 
hela  vagen.  Ett  tjugotal  foretag  medverkar  i  projektet. 

Nar  affarsplanen  har  godkants  hjalper  konsulterna  till  med  att  skaffa  ka- 
pital  och  goda  hyresvillkor.  Allt  sker  pa  affarsmassiga  villkor;  foretagarna 
far  inga  bidrag  eller  andra  finansiella  formaner,  utan  ska  sta  pa  egna  ben 
precis  som  sina  konkurrenter.  Skillnaden  bestar  i  den  professionella  rad- 
givning  som  erbjuds  kostnadsfritt.  Workers  to  Business  Owners  erbjuder 
aven  utbildning,  bade  i  klassrum  och  individuell,  samt  mentorskap. 

Under  startperioden  ar  foretagen  i  ungefar  ett  ar  samlade  i  en  sa  kallad 
incubator  (kuvos),  dar  de  far  kontinuerlig  assistans.  Platsen  ar  en  nedlagd 
flygbas  i  East  Bay.  Darefter  foljs  foretagen  upp  till  dess  att  tre  ar  har  gatt, 
da  den  mest  kritiska  perioden  bedoms  vara  over.  Projektet  betalas  av  for- 
svarsdepartementet  och  satsningen  uppgar  till  totalt  fyra  miljoner  kronor. 
En  del  av  foretagen  kan  raknas  till  miljosektorn,  t  ex  ett  som  ateranvander 
virket  i  de  byggnader  pa  baserna  som  ska  rivas.  I  Kalifornien  bygger  man 
ofta  hela  stommen  i  tra,  vilket  ger  stora  mangder  ateranvandbart  virke. 

=>  Paul  Ammon,  fax  +1  (510)  864  31  54 

Project  Hatchery  Alameda 

Project  Hatchery  Alameda  ar  ett  foretagskluster  inom  det  omfattande 
projektet  CALSTART,  som  stracker  sig  over  hela  Kalifornien.  Sedan 
1992  har  CALSTART  vuxit  till  att  i  dagslaget  omfatta  185  storre  och 
mindre  fdretag  och  organisationer,  som  ar  sysselsatta  med  att  forska  kring 
och  utveckla  ny,  avancerad  teknik  inom  transportsektorn.  Nar  deras  pro¬ 
totyper  har  borjat  tillverkas  i  storre  skala  1999,  beraknas  40  av  foretagen 
sysselsatta  nara  12  000  personer.  Framst  utvecklar  man  hybridbilar,  dvs 
bilar  som  drivs  av  en  kombination  av  t  ex  el  och  fossilgas  eller  el  och  ben- 
sin,  men  aven  moderna  transportsystem  finns  pa  programmer. 

Finansieringen  av  det  femtiotal  program  som  ingar  i  CALSTART  kom- 
mer  fran  privata  och  offentliga  medel  och  omfattar  mer  an  700  miljoner 
kronor.  Dartill  kommer  betydande  privata  investeringar  i  projekten.  Idag 
ror  det  sig  om  fyra  miljarder  kronor  och  ar  1999  beraknas  investeringarna 
ha  dkat  till  over  tolv  miljarder  kronor. 

Project  Hatchery  Alameda  ar  ett  av  tva  foretagskluster  inom  CALS¬ 
TART,  och  huserar  pa  en  nyligen  nedlagd  flygbas  i  Bay  Area.  Det  andra 
klustret  finns  i  Burbank,  Los  Angeles. 

Project  Hatchery  Alameda  drivs  pa  liknande  satt  som  Environmental 
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Business  Cluster  i  San  Jose  (se  nedan).  Det  innefattar  ett  dussin  smafore- 
tag  som  utvecklar  teknik  for  hybrid-  och  elbilar.  Foretagen  far  lagre  om- 
kostnader  tack  vare  att  de  delar  viss  kontorsutrustning  och  har  en  for- 
manlig  hyra.  De  har  aven  tillgang  till  verkstader,  avancerade  verktyg  och 
instrument.  En  vanlig  storlek  pa  foretagen  i  klustret  ar  3—4  personer,  men 
foretag  som  tillverkar  prototyper  har  upp  till  tolv  anstallda.  Klustret  ar 
sjalvforsorjande  genom  att  den  hyresavgift  som  foretagen  betalar  tacker 
samtliga  driftskostnader. 

Project  Hatchery  Alameda  syftar  aven  till  att  fanga  upp  personal  som  fri- 
stalls  i  samband  med  nedlaggningen  av  flygbasen,  och  sysselsatter  i  dags- 
laget  ett  sextiotal  personer  som  tidigare  arbetade  pa  flygbasen.  Ett  foretag 
sysslar  med  att  konvertera  konventionella  bilar  till  elbilar,  samt  saljer,  hyr 
ut  och  lagar  elbilar.  Ytterligare  ett  foretag,  som  just  har  lamnat  klustret, 
tillverkar  elektriska  cyklar  och  har  i  dagslaget  drygt  40  anstallda. 

John  Huetter  ar  koordinator  for  Project  Hatchery.  Han  forklarar  att  ’’in¬ 
cubators”  eller  kluster  ar  en  relativt  ung  form  av  foretagande  i  Kalifor- 
nien.  Formen  har  blivit  popular  efter  den  ekonomiska  tillbakagang  som 
startade  efter  det  kalla  krigets  slut.  Kalifornien  levde  lange  gott  pa  den 
starka  forsvarsindustrin.  Med  dagens  militara  nedrustning  har  man  tving- 
ats  se  sig  om  efter  nya  omraden  for  sysselsattning  och  foretagande,  och 
varnar  om  nya,  innovativa  smaforetag. 

=>  John  Huetter,  fax  +1  ( 510)  864  30  10 


Environmental  Business  Cluster  (EBC) 

Omradet  kring  San  Jose  har  det  valkanda  smeknamnet  Silicon  Valley,  ef- 
tersom  datorfirmorna  fullstandigt  dominerar  det  ekonomiska  livet  dar. 
En  fbljd  av  detta  ar  att  dricksvattnet  har  blivit  kraftigt  fororenat  av  los- 
ningsmedel  som  anvants  i  tillverkningsprocessen  for  kretskort.  Omradet 
har  dessutom  problem  med  bostadsbrist  och  trafikstockningar. 

For  att  starka  regionens  konkurrenskraft  har  olika  grupper  startat  ett  ge- 
mensamt  natverk,/omt  Venture:  Silicon  Valley  Network.  Malet  ar  att  ska- 
pa  en  ekologiskt  hallbar  ekonomi  och  valbetalda  arbeten.  Tyngdpunkten 
ligger  pa  miljorelaterad  teknik  och  tjanster.  I  natverket  mots  industri, 
myndigheter,  forskare  och  miljdgrupper,  som  lar  sig  att  gemensamt  hitta 
losningar  pa  och  forebygga  problem  och  eventuella  konflikter  mellan  oli¬ 
ka  intressen.  Natverket  ordnar  aven  seminarier  m  m  for  att  utbilda  med- 
lemmar  och  allmanheten  i  miljofragor. 

I  natverket  laggs  stor  vikt  vid  att  framja  ny  teknik  och  nystartade  fdretag 
med  goda  affarsideer.  Darfor  har  en  smaforetagsgrupp  startats,  the  Envi¬ 
ronmental  Business  Cluster  (EBC),  dar  lovande  foretag  i  miljosektorn  far 
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I  CALSTART’s  “Project  Hatchery”  helos  new 
.  companies  find  market 


In  1994,  faced  with  the  closure 
of  Naval  Air  Station  Alameda,  Con 

Igressman  Ronald  V.  Dellums  (D^ 

with 

LALSTART,  a  statewide  non-profit 
consortium,  to  develop  a  plan  to  re¬ 
employ  base  workers  and  improve 
through  development 
and  deployment  of  “dean  air”  ad- 
Dellums  and 
CALSTART  agreed  to  develop 
Project  Hatchery  Alameda  (PHA) 

I  as  a  business  incubator,  specified 
oy  the  Clinton  administration  to  be 
a  model  of  military  base  reuse. 

,  The  “Hatchery,”  as  the  business 
incubator  is  known,  is  located  in 

■  Hangar  20  at  the  base,  which  was 
formerly  used  to  house  aircraft 
from  World  War  II  through  Desert 
otorm.  The  Hatchery  lease  was 
signed  in  1995,  and  today  is  95  per- 

I?A"l!sTfRT’®‘^  companies. 
CALSTART  IS  looking  to  expand 

mto  another  facility  on  the  base 

“pe  reuse  ofthis  military  base 

tor  the  development  of  advanced  I 
transportation  technologies  shows 

I  what  can  be  done,”  said  Michael  J 
CEO  of 

CALSTART.  “The  early  support  of  I 
companies  f 
makes  all  the  difference  —  for  the  c 

■government,  for  individual  compa- 
rues,  for  improved  air  quality  and  n 
tor  economic  opportunity  ”  e 

CALSTART  s  director  of  Project  ir 
^atchery  Alameda,  there  is  a  wait-  t( 
■ng  list  of  qualified  advanced  tech-  h 
■lology  start-up  companies  that 
'vant  to  move  in. 

“The  word  has  spread  that  we  ai 
^upport  innovative  alternative  r€ 
■ransportation  projects  in  a  vari-  w 
■ty  of  substantive  ways.  I  get  calls  m 
"very  day,  Huetter  said.  ro 

In  addition  to  providing  space  ga 
J)r  potential  new  tenants,  an  ex-  loi 


Pirt  H  r>  Photo  by  Kathy  Baker 

part"? the?ARTTta??n  These  cars  are 

gram  use  the  PIVCO  cars  and  BART  to  geuo^ld  fr?mTorSmr'‘''^  Participants  in  the  pro- 


panded  Hatchery  would  also  allow 
existing  companies  to  extend  their 
research  and  development  work 
including  ongoing-Avork  with  pro¬ 
totypes  of  electric  vehicles  and 
hybrid-electric  vehicles. 

In  April  1997,  the  Navy  will  of¬ 
ficially  cease  operation  at  the  base 
and  the  Naval  Air  Station  will  be 
Hatchery 

will  be  known  as  Alameda  Point,  a 
name  suggesting  more  bucolic  sur¬ 
roundings  than  old  aircraft  han¬ 
gars,  but  tenants  seem  to  enjoy  the 
location.  “Our  companies  enjoy  the 


proximity  to  the  city  while  not  hav- 
mg  the  hassles  of  city  commuting  ” 
Huetter  said. 

®®^vice  implemented  by 
PHAs  first  birthday  last  Novem¬ 
ber  is  the  “Hatchery  Associates,” 
a  group  of  law,  accounting,  busi- 
ness  management  and  finance  spe- 
malists  that  provide  assistance  to 
Hatchery  companies.  “As  (tenant) 
companies  move  through  product 
development  to  production,  we 
saw  a  need  for  these  service,” 
Huetter  said.  Professionals  willing 
to  donate  their  time  were  recruited 


/-  and  additional  associates  are  being 
,  regularly  developed  in  specialty 
fields  to  support  PHA  tenants, 
y  The  Alameda  hatchery  is  see- 
»  increased  activity  in  1997 
which  will  include  participating  in 
an  international  electric  vehicle 
!-  exposition  later  this  year. 

?  . industry  is  on  the  move," 

)  said  Gage,  “there’s  no  more  wait- 
t  mg  for  the  technology  to  be  devel- 
2  oped.  It’s  here,  it’s  today,  it’s  the 
t uture  and  we  will  keep  leading  the 
I  way  for  this  industry.” 

^  .CALSTART  focuses  its  efforts 

primarily  in  California,  though  it 
has  been  expanding  to  other  states 
and  internationally  as  well. 

“This  technology  is  limited  only 
by  imagination,”  Gage  said,  “and 
tortunately  for  this  nascent  indus¬ 
try,  imaginations  are  on  fire!" 

information  about 
CALSTART  and  its  participants 

CALSTART  s  website- 

www.calstart.org 

(The  second  part  of  this  article 
will  appear  in  the  April  IS  Busi- 
ness  Journal  and  focus  on  the  16 
Hatchery  companies.) 
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Project  Hatchery  Alameda  Directory 


Company  Name  Description 

Aiameda  Center  for  Environmentai  Technoiogies  Developing  an  incubator  for  environmen- 

tally  related  companies 

Altamont  Technologies,  Inc.  Development  of  fuel-efficient,  lightweight, 

_ monocoque  composite  transport  modules 

Amerigon,  Inc.  Supplies  advanced  automotive  electronics  & 

electric  vehicle  components 

Clean  Air  Products  Technology  Develop  and  fabricate  process  clean-up  and 

recycling  equipment 

CTJ  Corporation  Technology  TVansfer,  export,  and  manufacturing  ven¬ 

tures  to  the  Pacific  Rim. 

Datronics  Design,  Develop  and  prototype  unique  electric 

“Power-lift  Wheelchair” 

EBCRC-Workers  to  Business  Owners  Project  Helping  former  base  workers  develop  their 

_ _  own  businesses 

Forem  Metal  Manufacturing  Truck  body  modifications  to  increase 

payload  and  access 

Franklin  Environmental  Environmental  Products  for  wastewater,  remediation,  and 

oil  spill  clean-ups 

Green  Motorworks  Conversions  to  electric  vehicles.  Electric 

vehicle  sales,  leases,  and  service 

HORNET  Foundation  Preserve  and  operate  the  xUSS  Hornet  as  a 

floating  museum  and  base  re-use  facility 

Jefferson  Programmed  Power  Developing  and  producing  high  power  DC 

_ _ _ _  _  controllers  for  electric  vehicles. 

Kaylor  Energy  Product.s  Designers  &  manufacturers  of  hybrid  and 

electric  conversion  kits  and  vehicles 

Procyon  Power  Systems  Development  of  a  hybrid  vehicle  engine 

based  on  a  reactor/fuel  cell 

!  uglia  iMigiiieeiiiig  Tiansporlal ion  infrast riKMiue  and  ship 

repair/rchahililalion 


'/(•hra  Motors 


Dcvchiptnenl  and  manuraciuia*  of  high 
peidoi-niance  electric  sports  cars. 


^st  Bay  Division:  Meeting 
ihe  chaiienges  of  change 

Military  and  industry  make  way  for  high  tech. 


Incubators 


UR  TfflRD  IN  A  SERIES  OF  ARTICLES 

^  B  profiling  PG&E’s  18  divi- 

sions  focuses  on  East  Bay  i 

R division.  This  bayside,  mostly  ur- 
an  division  covers  Alameda  County 
from  Oakland  north,  and  western  Contra 
^osta  County  from  El  Cerrito  to  Port  Costa  on 
ne  Carquinez  Strait 

East  Bay  Division  is  one  of  PG&E’s  most  urban, 

Ijrving  a  region  that  includes  Oakland,  Richmond, 
erkeley  and  a  dozen  smaller  cities.  Its  residential 
jstomers  span  a  diversity  of  cultures  and  socio-eco¬ 
nomic  strata;  its  business  customers  range  from  steel 
mills  and  oil  refineries  to  modem,  rapidly  expanding 
■gh-technology  firms.  Large  public  institutions  like 


Kaiser  Permanente  hospitals,  a  huge  U.S 
Postal  Service  mail-sorting  facility  and  the 
University  of  California’s  world-famous 
Berkeley  campus  are  also  in  the  mix. 

East  Bay  Division  has  some  challenges 
to  grapple  with— pending  closure  of  five  mili¬ 
tary  facilities,  partial  loss  of  big  customers  like 
Bay  Area  Rapid  Transit  and  the  Oakland  Internation¬ 
al  Airport  and  some  of  the  oldest  circuits  in  the  com¬ 
pany’s  service  territory. 

But  it  also  has  many  successes  to  cheer,  including 
a  massive,  on-time  and  under-budget  project  to 
underground  electric  service  in  the  Oakland  hills 
“fire  zone,”  inner-city  business  “incubators”  to  spur 
economic  activity,  a  positive  image  among  local  gov¬ 
ernment  bodies  and  many  long-time  employees  who 
say  they  wouldn’t  work  anywhere  else. 

—continued  on  page  2 


End  of  Cold^^jump^slaiis 
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In  a  hangar  at  the  /Uameda  Naval  Air.Station,  Bob  Orbeta,  East  Bay  Division  base  re-use  project  manager, 
site  behind  the  wheel  of  a.  Zebra  Motors  electric  car.  while  strategic  planner  Paul  AMiegro  and  (teistart’s" -  ^  y 
Project  Hatcheiy  Alameda  director  John  Huetter  discuss  the  fine  points,^  t  ^  V 

PG<S:E  Iqpal 

E  a^  Bay  Division  IS  home  to  qffice^d  production  space^'^  techiucaJejqiaiiisetQ  business^ 
twpofmorethan20b]|jsi  apdp^^din^thpraiyith  legal, es  involved  m  the  prqj^Vx;.  v 
ness  “incubators”PG&E  has  financial  and  marketing  advice.  ^  t  ‘^“Th^incubator'wiljhelp 
:he|p^.^lishUupughoutils<|j&^^^e^J^Air1^,t^^9ft^ 
ser^^  temtoiy  The  picubator^  has  confr^i^tet^A  after  th^base-cloge^’-says 

are  intended  to  boost  ecpppnup  \  $26,0p0 19  Calst^  a;;ipn  Pjpfi^  base  ye^use  project  manager 
^tiv^inloca  and  Alameda 

bringing  several  sniafi  buame^  a‘^clean-afr yehiplean^u^ 

es  together  to  share  equipment,  try  m  Califonua,  md  is  offering  ^  -tinned  w  pace  4 


—from  page  1 

addition,  says  business  incubation 
project  manager  Ila  Homsher,  the 
economic  impact  of  the  incubator 
will  extend  beyond  the  base  by  creat¬ 
ing  jobs  and  income  for  the  region. 

The  Navy’s  departure  from  ANAS 
is  scheduled  to  be  complete  next 
April.  Calstart’s  incubator  opened 
last  Januaiy  in  a  hangar  on  the  1,842- 
acre  base,  and  now  houses  a  dozen 
businesses  employing  about  60  peo¬ 
ple. 

Zebra  Motors  uses  its  space  to 
develop  prototype  electric  vehicles. 
Zebra  president  Larry  Stadtner  says 
his  company’s  battery-powered  cars 
produce  only  one-tenth  the  pollution 
gasoline-powered  cars  emit,  includ¬ 
ing  the  pollution  generated  to  pro¬ 
duce  the  electricity  needed  to 
recharge  the  cars.  • 

PG&E  provides  more  than  just 
funding  for  incubator  startups,  says 
Homsher,  as  company  employees 
advise  incubator  managers  and  ten¬ 
ants  on  utility  needs,  refer  them  to 
other  experts  and  community  lead¬ 
ers,  and  serve  on  advisory  boards. 


Another  incubator  in  the  East  Bay 
Division  opened  this  fall  in  down¬ 
town  Oakland,  housing  13  small  com¬ 
munications  technology  companies 
that  employ  nearly  40  people. 

Supporting  incubators  and  assist¬ 
ing  in  military  base  conversion  are 
both  components  of  the  company’s 
Commuiuty  Economic  Vitality  Initia¬ 
tives,  launched  in  1994  to  strengthen 
California’s  economy  and  PG&E  cus¬ 
tomer  loyalty,  says  CEVI  team  lead 
Amy  Garant.  Other  components 
include  helping  communities  with 
strategic  planning  and  affordable 
housing. 

Several  more  incubators  are  being 
planned  m  the  East  Bay.  PG&E  has 
helped  fund  development  of  an  envi¬ 
ronmental  technologies  incubator  at 
ANAS  that  is  projected  to  house  up 
to  25  businesses  employing  200  peo¬ 
ple  when  it  opens  late  next  year.  An 
incubator  for  bio-science  firms  is 
being  planned  for  Hercules,  a  bed¬ 
room  community  north  of  Richmond, 
and  preliminary  discussions  have 
been  held  for  incubators  in  the  city 
of  Richmond,  including  one  at  the 
Point  Molate  Naval  Fuel  Depot 

—Eric  Jansen 
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Naval  Air  Station  Alameda  Cluster  Planning 
FINAL  REPORT 
(DARPA  RA94  Mod  3) 

1.  Introduction  CALSTART  was  tasked  and  funded  to  plan  for  an  advanced  transportation 
business  cluster  at  NAS  Alameda.  The  specific  objectives  delineated  for  CALSTART  in 
this  program  were: 

1)  Work  with  other  organizations  to  develop  a  cluster  of  advanced 
transportation  (AT)  activities  at  the  Alameda  Naval  Air  Station. 

2)  Try  to  recruit  other  AT  firms  to  locate  at  the  NAS. 

3)  Encourage  Project  Hatcheiy  Alameda  (PHA)  firms  to  grow  and  expand  into  their 
own  facility  at  NAS  Alameda. 

Specific  activities  identified  and  levels  of  performance  achieved  are  covered  in  the  next 
section.  Overall,  CALSTART  has  established  the  relationships  and  identified  the  processes 
necessary  to  continue  the  work  of  transforming  former  NAS  Alameda  into  a  center  for  the 
AT  industry.  Two  of  the  companies  that  have  transitioned  out  of  CALSTART’s  Project 
Hatchery  Alameda  (PHA)  have  been  located  in  their  own  facilities  at  the  former  NAS.  Two 

more  PHA  companies  are  in  negotiation  to  make  the  move  into  other  buildings  within  the 
next  3-4  months. 

2.  Accomplishments  Specific  items  accomplished  under  this  program  are  recited  below  in 
response  to  the  task  statement.  They  include: 

1)  Assess  and  identify  viable  office  and  industrial  facilities  at  the  NAS.All  industrial 
and  commercial  buildings,  except  for  food  services,  were  surveyed.  Specific 
buildings  were  identified  for  vehicle  production  or  assembly.  Controlled 
environment  facilities  were  identified  and  pre-qualified  for  composite  manufacture 
and  final  assembly,  storage  battery  production  and  refurbishment,  and  painting. 

These  facilities  represent  a  unique  asset  of  the  former  NAS  and  should  be  used  to 
their  best  purpose.  Former  aircraft  hangars 

have  been  matched  to  the  manufacturing  space  requirements  of  individual  AT 
companies.  As  examples.  Hangars  39  or  40  are  a  near  exact  match  to  the  footprint 
of  the  modular  manufacturing  plant  designed  for  PIVCO  CitiBee  production  up  to 
5000  units/year.  Hangar  23  has  been  optioned  by  Zebra  Motors,  currently  a  PHA 

resident.  They  can  produce  up  to  4000  units/year  of  their  all  electric  roadster  or 
utility  van. 

2)  Develop  marketing  materials  and  purchase  necessary  equipment  Marketing 
packages  presenting  the  availability  and  advantages  of  locating  at  the  former  NAS 
were  developed  for  specific  presentations  to  PIVCO  senior  management,  Corbin 
IndusMes  owners,  and  the  founder  of  Altamont  Technologies.  An  NAS  Alameda 
facilities  re-use  presentation  was  developed  by  CALSTART.  Equipment  to 
supplement  those  items  made  surplus  by  the  Navy  was  acquired. 
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3)  Develop  cluster  outreach  program 

CALSTART  staff  worked  with  the  West  Alameda  Business  Association  and  City  of 
Alameda  agencies  such  as  the  Bureau  of  Electricity  and  the  Economic  Development 
Dept,  to  attract  and  refer  potential  AT  and  related  support  companies  to  the  former 
NAS.  Links  to  the  community  were  established  in  a  series  of  briefings  and 
presentations,  describing  the  activity  underway  and  inviting  continued  participation. 
The  network  of  agencies  has  resulted  in  a  cooperative  referral  and  support  group  that 
is  working  toward  the  mutual  goal  of  an  AT  technologies  and  service  hub. 
CALSTART  organized  and  co-sponsored  the  first  Electric  Vehicle  Exposition  at 
NAS  Alameda  to  bring  public  attention  to  the  focus  of  base  re-use  on  advanced 
transportation.  This  event  received  regional  pre-publicity  and  extensive  coverage  in 
major  media  outlets  while  attracting  five  OEM  companies,  as  many  small 
manufacturers,  and  approximately  2500  visitors  to  displays  and  demonstrations  of 
CFVs. 

4)  Identify  and  mobilize  additional  regional  resources 

The  following  regional  resources  or  agencies  have  been  mobilized  and  are  active  in 
support  of  the  Advanced  Transportation  cluster  development: 

•  East  Bay  Conversion  and  Reinvestment  Commission 

•  Economic  Development  Alliance  for  Business 

•  U.S.  Dept,  of  Energy  Regional  Operations  Office 

•  Greater  Oakland  International  Trade  Center 

•  Alameda  Re-use  and  Redevelopment  Authority 

•  City  of  Alameda  Manager 

•  Alameda  Bureau  of  Electricity 

•  Economic  Development  Department 

•  Alameda  Education,  Technology  &  Business  Consortium 

•  Bay  Area  Defense  Conversion  Action  Team 

•  Mayor  of  Alameda  Ralph  Appezzato 

•  University  of  California,  Berkeley 

•  Pacific  Gas  &  Electric  Co. 

•  Lawrence  Berkeley  Laboratory 

•  Other  regional  business  incubators 

The  CALSTART  effort  has  also  gained  visibility  at  the  level  of  the  Bay  Area 
Economic  Forum  and  initial  approach  has  been  made  to  participate  in  the  Bay  Area 
Coalition  for  a  Sustainable  Economy,  aimed  at  ensuring  long-term  high  quality  of 
life  based  on  clean  air  and  clean  water  technologies  in  the  Bay  Area. 
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5)  Create  strategic  partnerships 

While  the  relationships  established  with  the  groups  and  companies  noted  in  Item  (4) 
speaks  to  the  partnering  toward  the  goal  of  an  AT  cluster  at  Alameda,  two  strategic 
partnerships  have  emerged  that  appear  key  to  the  eventual  success  of  this  mission. 
CALSTART’s  partnering  with  the  EBCRC  has  resulted  in  a  sustained  and 
cooperative  recruitment  and  support  for  companies  that  fit  the  technology  profile, 
especially  where  there  is  an  intersect  with  economic  revitalization  of  the  region. 

The  partnership  with  Alameda’s  municipal  utility,  the  Bureau  of  Electricity,  has 
resulted  in  co-sponsorship  of  the  Alameda  EV  Exposition  whose  primary  function  is 
to  focus  on  the  former  NAS  as  the  premier  AT  industry  location  in  the  region.  In 
conceit  with  this  effort,  CALSTART  was  invited  to  help  write  portions  of  the  City’s 
General  Plan  to  designate  Alameda  as  the  EV  Model  City  as  a  matter  of  public 
policy.  The  intent  is  to  create  both  a  user  and  business  environment  that  is  friendly 
to  CFVs  in  all  respects,  including  infrastructure. 

6)  Facilitate  lease  arrangements  at  NAS 

CALSTART  has  provided  support  to  FOREM  Mfg.,  Zebra  Motors,  and  Jefferson 
Programmed  Power  among  other  PHA  companies  in  lease  negotiations  with  the 
ARRA.  Staff  have  consulted  to  other  companies  planning  on  relocating  to  the 
former  NAS.  We  have  agreed  to  identify  and  provide  a  timeline  for  expected  PHA 
“graduates”  to  the  ARRA  to  enable  advance  planning  for  facility  use  by  the  high 
tech  companies.  CALSTART  and  the  ARRA  agreed  to  formulate  a  plan  for  AT  and 
related  technology  expansion  at  NAS  under  supervision  of  the  City  Manager.  Joint 
City/Navy  jurisdiction,  among  other  factors,  have  restricted  the  capacity  to 
streamline  the  leasing  and  facility  occupancy  process. 

7)  Integrate  effort  with  other  CALSTART  information  programs 

NAS  cluster  planning  is  included  as  part  of  CALSTART  briefings  and  presentations 
on  our  activity  in  the  AT  industry.  In  addition  to  an  expected  revenue  source, 
development  of  the  test  track  has  been  done  to  attract  other  AT  users  and  developers 
to  the  base.  This  recently  established  capability  in  being  incorporated  in 
CALSTART  Alameda  brochures  and  made  a  part  of  the  on-going  marketing 
program.  Corporate  press  releases  have  been  crafted  to  emphasize  the  role  of  the 
company  as  a  focus  for  re-development  of  NAS  as  a  hub  for  AT  firms. 

3.  Deviations  to  Plan  As  noted  in  Section  2,  the  specific  activities  have  been  accomplished  or 
addressed.  The  requirements  for  a  streamlined  leasing  and  facility  re-use  process  have  been 
identified  but  are  beyond  the  authority  of  CALSTART  to  implement.  While  it  was 
anticipated  that  our  experience  as  the  first  civilian  lessee  at  NAS  would  create  a  template 
for  future  use,  this  has  not  been  the  case. 


Also,  despite  significant  and  protracted  efforts  to  forge  strategic  partnerships  directly  with 
major,  established  advanced  technology  and  advanced  transportation  companies,  no  deals 
have  been  finalized  between  these  players  and  start-ups  at  the  NAS.  We  believe  this  can  be 
an  important  part  of  validating  this  location  as  the  regional  AT  hub  and  will  continue  to 
work  toward  such  partnerships,  including  those  featuring  investment.  We  were  successful 
in  bringing  one  of  our  CALSTART  PHA  companies,  Kummerow  Corp.,  into  a  partnership 
with  the  Bureau  of  Electricity  for  technology  use  and  distribution. 

4.  Proiections  Events  that  can  affect  project  goals  are  not  primarily  technical.  Problems  in 
realizing  NAS  status  as  an  AT  hub  are  likely  to  be  based  in  perceptions  by  the  business 
community  or  slowness  to  react  positively  by  existing  agencies  and  institutions.  The 
economic  opportunity  message  has  been  broadcast  by  CALSTART.  It  needs  to  be  carried 
by  other  stakeholders  in  the  future.  Alternatively,  CALSTART  could  be  funded  to  continue 
the  work  that  it  has  been  doing  with  the  benefit  of  the  valuable  experience  gained  to  date. 
Initially,  ours  was  the  only  focused  base  re-use  plan.  Other  plans  for  very  mixed  industrial 
and  social  re-use  of  the  NAS  may  also  dilute  the  impact  of  the  AT  center  message. 

5.  Financials  The  project  was  accomplished  within  budget.  The  grant  funding  enabled  this 
effort  to  happen.  An  industry  focus  for  base  re-use,  for  the  City  of  Alameda,  and  for  the 
East  Bay  region  would  not  have  happened  without  this  support.  This  project  created  a 
distinct  and  unique  identity,  both  with  the  agencies  identified  and  the  general  public.  There 
were  no  cost  overruns. 

6.  Conclusions  Funded  effort  on  this  project  has  been  completed.  Impact  of  the  project  has 
been  to  create  an  awareness  that  the  former  NAS  Alameda  is  being  re-established  in  a 
civilian  role  as  a  center  for  the  AT  industry.  It  appears  that  the  first  positive  results  of  this 
effort  will  be  in  the  form  of  transportation  companies  that  are  outgrowing  the  PHA 
incubator  and  being  retained  at  base  locations.  CALSTART’ s  facility  has  acted  as  a  magnet 
for  at  least  20  firms  to  locate  at  the  now  closed  base. 

Unless  there  is  a  funded  extension  of  the  CALSTART  effort,  the  planning  for  an  AT  cluster 
must  be  done  by  the  City  as  part  of  its  EV  Model  City  Plan.  A  parallel  and  likely  scenario 
is  the  steady  transition  of  start-ups  through  PHA  to  commercialization,  given  an  operating 
environment  that  supports  retention  on-base. 

Reports  on  the  evolution  of  NAS  Alameda  towards  an  AT  technology  hub  are  attached. 
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Navy  Base  Hangar  to  House  Electric  Car  Assembly  Line 


The  rededication  of  Hangar  20,  a  World  War  II  vintage  air¬ 
plane  and  helicopter  hangar  at  the  Naval  Air 
Station  (NAS)  Alameda,  to  a  new  state-of- 
the-art  electric  car  chassis  manufacturing 
facility  should  jump  start  the  successful  | 
economic  conversion  of  the  base  to  new 
civilian  economic  uses. 

The  event  was  hosted  by  conversion  ' 
officials  from  the  Alameda  Reuse  and 
Redevelopment  Authority  (ARRA),  the 
East  Bay  Conversion  and  Reinvestment 
Commission,  and  my  district  congression¬ 
al  office.  The  new- technology  cars  that  will 
be  produced  at  the  site  will  help  to  reduce  air 
pollution,  meeting  future  California  automobile  exhaust 
emissions  requirements.  The  siting  of  this  facility  at  the  NAS 
Alameda  gives  a  competitive  edge  to  the  region  in  future  tech¬ 
nology  developments  and  will  aid  the  nation  in  maintaining  a 
lead  in  this  important  economic  sector. 

Deputy  Assistant  Secretary  of  the  Navy  William  J.  Cassidy,  Jr. 
presided  over  a  Veterans’  Day  ceremony  at  which  Navy  com¬ 
manders  "turned  over  the  key”  to  Hangar  20  to  the  heads  of 
CALSTART  and  Amerigon,  two  organizational  leaders  in  this 
technology  field.  This  action  launched  the  first  civilian/com¬ 
mercial  use  of  NAS  Alameda  base  property  —  an  innovative 
utilization  that  starts  constructive  civilian  economic  use  before 
the  base  is  even  closed.  Such  interim  leases  to  organizations  that 
will  create  jobs  for  regional  economic  growth  is  a  concept  that 
community  planners  have  promoted  to  accelerate  the  conversion 
of  closing  military  bases.  We  are  pleased  that  it  is  being  utilized 
in  the  East  Bay. 

Secretary  Cassidy  was  joined  by  officials  from  the  Defense 


innovative 

utilization  that  starts 
constructive  civilian 
economic  use  before  the 
base  is  even  closed^ 


Department’s  Office  of  Economic  Adjustment,  the  Department 
of  Commerce’s  Economic  Development  Administration, 
and  the  Federal  Transit  Administration.  These 
agencies  are  also  aiding  our  community 
conversion  effort  with  vigorous  support. 
CALSTART  is  a  nonprofit  consortium  of 
labor  unions,  advanced  transportation 
technology  firms  and  agencies. 
Amerigon,  Inc.  is  an  electric  car  chassis 
manufacturer.  Their  interim  lease  with 
ARRA  will  allow  them  to  establish  a 
transportation  "incubator”  for  the 
required  new  technologies.  In  addition, 
Amerigon  will  convert  the  65,000  square  foot 
hangar  to  an  "agile”  manufacturing  facility  for  chassis 
construction.  Three  other  high-tech  transportation  firms  join 
the  initial  venture  with  potential  for  more  to  come.  They  will 
serve  an  already  existing  market  for  the  prototype  aluminum 
chassis  and  component  parts. 

President  William  J.  Clinton  joined  me  at  the  Alameda  County 
Central  Labor  Council’s  Labor  Day  picnic  and  announced  a  $2.9 
million  matching  grant  to  CALSTART  for  the  manufacturing 
center.  The  grant  is  from  both  the  Department  of  Defense  and 
the  Federal  Transit  Administration.  The  electric  car  assembly 
line  will  generate  an  initial  50  civilian  jobs  with  the  potential  of 
several  hundred  more.  This  positive  first  step  in  the  productive 
reuse  of  the  air  station  should  lure  similar  busineses  to  the  area. 

Hangar  20,  commissioned  in  1941  for  Navy  aircraft,  sits  at  the 
hub  of  transportation  history.  Its  rededication  to  civilian  use 
signifies  a  historic  link  from  this  past  to  employing  the  newest 
transportation  technology  towards  productive,  environmentally 
sound,  peacetime  uses. 


Key  to  the  Future  — 
X  New  Jobs  for  A 
Closing  Base 

In  a  symbolic  ceremony,  the  Commanding 
Officer  of  Naval  Air  Station  Alameda  turns 
over  the  key  to  Hangar  20  to  CALSTART, 
launching  the  high-tech  vehicle  facility. 
Pictured,  left  to  right,  are  Alameda  Mayor 
Ralph  Appezzato,  CALSTART  Vice-President 
John  Boesel,  Rep,  Dellums,  and  Captain  James  ,, 
V  Dodge,  USN,  NAS  Alameda 
Commanding  Officer. , ' 


'  :  Photo  by:  p«o*»  Photography 


U.S.  Representative 


Congress  of  the  United  States 
House  of  Representatives 
Washington,  D.C.  20516 

Official  Business 


- - 
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Alameda's  on  the  Fast  Track  with  Electric  Vehicle  Production 

Imagine  driving  in  a  world  with  I  Cleaner  Air,  Lower  Costs  I  ing  parts  and £lectric  vehicles  only 

cleaner  air.  never  stonnirifr  fnr 


■cleaner  air,  never  stopping  for  gas, 
and  never  having  to  worry  about  an 
oil  change.  Well  imagine  no  more, 
because  that  world  is  fast  becoming  a 
reality  as  Alameda  becomes  the  model 
city  for  electric  vehicles! 

At  a  time  when  the  electric  vehide  in¬ 
dustry  is  taldng  off,  our  City  is  in  the  best 
possible  position  to  take  advantage  of  all 
that  electric  vehicles  have  to  offer.  Not 
only  have  the  Bureau  and  the  City  macJe 
a  commitment  to  these  new  vehicles, 
but  also  CALSTART's  Project 
Hatchery  Alameda  is  in  full  force 
at  the  Naval  Air  Station  -  Alameda 

"CALSTART  is  a  non-profit 
consortium  developing  ad¬ 
vanced  transportation  tech¬ 
nologies,"  said  John  Huetter, 
director  of  Project  Hatchery 
Alameda.  "Our  goals  are  clean 
air  and  job  development." 

The  Bureau's  goal,  along  with  the 
City's  Electric  Vehicle  Task  Force,  is 
to  encourage  the  research,  develop¬ 
ment,  production,  sales,  and  service 
of  electric  vehicles,  while  at  the 
same  time  helping  to  reemploy  dis¬ 
placed  defense  industry  workers  — 
right  here  in  Alameda. 


City  Board  Seeks  Input  on  NAS  Cleanup . 2 

Count  on  Us  (or  Reliable  Electrical  Service  3  I 

Clip  &  Keep  Important  Bureau  Numbers . 4  i| 

.Season’s  Greetings  from  the  Public  Utilities  Board  4 


Cleaner  Air,  Lower  Costs 

"Electric  vehicles  do  not  emit 
any  pollution,"  said  Jim  Baak,  the 
Bureau's  Rate  Analyst/Forecaster. 
"And,  because  two-thirds  of  our 
electricity  here  in  Alameda  is 
geothermal  or  hydroelectric  there's 
also  almost  no  pollution  in  the 


ing  parts  and£lectric  vehicles  only 
have  one-tenth  of  that,  the  savings 
are  substantial  —  and  there's  much 
less  hassle.  Additionally,  lead  acid 
batteries  (on  which  many  electric  ve¬ 
hicles  now  run)  are  98%  recyclable. 

Convenience  is  the  key  with  elec¬ 
tric  vehicles.  "With  electric  vehicles 
you  can  go  into  your  garage  and 
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benefits, 
electric  vehicles  are  very  quiet,  so 
they  reduce  traffic  noise,  and  there 
are  no  oil  or  transmission  fluids 
which  can  drip  and  contribute  to 
urban  runoff." 

Owners  of  electric  vehicles  will 
enjoy  other  savings,  too.  According 
to  Baak,  operational  costs  of  electric 
vehicles  are  only  one-quarter  those 
of  internal  combustion  vehicles.  It 
costs  less  than  $1  in  electricity  to 
fully  charge  an  electric  vehicle! 

Considering  an  internal  combus¬ 
tion  engine  has  25,000  to  35,000  mov¬ 


recharge  and  never  go  into  a  gas 
station  again,"  said  Baak.  By  the 
end  of  the  year,  the  Bureau  of  Elec¬ 
tricity  plans  to  offer  a  discount  ser¬ 
vice  rate  on  electric  vehicle 
charging  to  its  customers. 

The  best  part  is  that  electric  ve¬ 
hicle  technology  is  being  produced 
right  here  in  Alameda  —  and  that 
means  more  jobs  and  a  brighter 
outlook  for  the  economic  health  of 
the  City  and  the  redevelopment  of 
the  Naval  Air  Station  (NAS). 

►  ELECTRIC  CARS  continued  on  page  4 
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ELECTRIC  CARS  continued  from  page  1 

Right  now,  14  companies  are  part 
of  CALSTART's  consortium.  Two, 
Zebra  Motors,  Inc.  and  Kaylor  En¬ 
ergy  Products  actually  manufacture 
electric  vehicles  at  NAS. 

Zebra  is  currently  taking  orders 
for  its  Model  Z  sports  car,  which 
will  make  its  debut  in  mid  1997, 
and  Kaylor  specializes  in  turning 
existing  vehicles  into  hybrid  ve¬ 
hicles,  so  you  can  run  them  either 
on  gasoline  or  electricity. 

CALSTART  also  hopes  to  lure 
PrVCO,  the  Norwegian  manufac¬ 
turer  of  the  smaller,  more  economi¬ 
cal  Citi  Bee,  to  NAS  in  the  near 
future,  creating  even  more  jobs. 

Alameda,  The  Model  City 

In  order  to  promote  electric  ve¬ 
hicles  and  the  Electric  Vehicle  in¬ 
dustry  development  NAS,  the 
Electric  Vehicle  Task  Force  was 
formed.  It  includes  representatives 
from  the  Bureau,  CALSTART,  the 
City,  local  business  parks,  and  other 
interested  parties.  Their  work  has 
really  caught  on.  Resolutions  sup¬ 
porting  an  Electric  Vehicle  Model 
City  Program  have  been  passed  by 
the  Alameda  City  Couricil,  the  Pub¬ 
lic  Utilities  Board,  the  Economic 
Development  Commission,  the 
Alameda  Chamber  of  Commerce, 
and  the  Base  Reuse 
Advisory  Group. 

"We  wanted  to  make  sure  the 
rest  of  the  cormmmity  was  ready 
for  electric  vehicles,  and  that  means 
making  sure  the  infrastructure  is  in 
place  to  support  them,"  said  Baak, 
who  chairs  the  Task  Force 

Included  in  the  Task  Force's  plan 
is  training  for  local  Police  and  Fire 
personnel  on  electric  vehicle  emer¬ 
gencies,  working  with  local  schools 
to  train  people  in  the  service  and 
maintenance  of  electric  vehicles, 
and  establishing  commercial  charg¬ 
ing  Stations. 


"Alameda  is  the  ideal  place  for 
electric  vehicles  because  it  is  self- 
contained,"  said  Baak.  "The  City  is 
only  about  12  square  miles,  and 
you  can  fulfill  most  of  your  needs 
around  town.  The  mild  climate  and 
flat  geography  are  also  ideal  for 
electric  vehicles." 

"Electric  vehicles  are  intended  to 
replace  the  commuter  in-town  ve¬ 
hicle,"  Baak  adds.  "It's  not  very  ef¬ 
ficient  to  jump  in  your  sport  utility 
vehicle  to  go  to  the  store  to  pick  up 
groceries  or  to  go  to  the  BART  sta¬ 
tion  or  ferry  terminal." 

The  Bureau  currently  uses  three 
of  their  own  electric  vehicles  and 
has  a  charging  facility.  The  City's 
Building  and  Electrical  Inspectors 
also  use  electric  vehicles. 

A  Look  Ahead 


Beyond  offering  lower  rates  to 
electric  vehicle  users  in  the  upcom¬ 
ing  year,  the  Bureau  and 
CALSTART  have  big  plans  for  1997. 
Alamedans  can  look  forward  to  one 
of  the  largest  electric  vehicle  expo¬ 
sitions  in  California  in  September. 
To  be  staged  at  NAS,  the  expo  will 
include  models  from  every  electric 
vehicle  manufacturer,  as  well  as 
electric  vehicle  races. 

Alamedans  may  also  get  a 
chance  to  take  an  electric  water  taxi 
ride  and  rent  electric  vehicles  to 
commute  to  work  from  ferry  termi¬ 
nals.  There  is  also  a  proposal  for  an 
cilternative  fueling  station  in  the 


City  which  could  supply  methanol, 
compressed  natural  gas,  propane, 
and  quick  charging  for  electric  ve¬ 
hicles. 

Alamedans  can  also  look  for¬ 
ward  to  a  brighter  future,  with 
cleaner  air  and  more  jobs.  "Our 
plan  at  CALSTART  is  to  act  as  a 
catalyst  for  the  reuse  of  NAS  and 
the  revitalization  and  reemploy¬ 
ment  of  the  City,"  said  Huetter. 


For  More  Information 


If  you  would  like  to  know  more 
about  electric  vehicles  and  the 
work  of  the  Electric  Vehicle  Task 
Force,  you  can  contact  Jim  Baak  at 
the  Bureau  on  748-3944.  The  public 
can  also  contact  John  Huetter  at 
CALSTART  on  864-3006;  Zebra 
Motors,  Inc.,  (415)  884-5220;  Kaylor 
Energy  Products,  (408)  338-2200; 
the  Electric  Vehicle  Association  of 
the  Americas,  (415)  249-  2690;  or 
the  California  Electric  Transportation 
CoaHtion  (916)  552-7077.  M 


CLIP  and  KEEP! 


Important  Bureau  of  Electricty  contact  numbers; 

Customer  Service . . . .748-3900 

General  Information  ..................748-3901 


After  Hours/Emergency  .........'...748-3902  : 

TDD  (hearing  impaired)....... _ .522-7538  i 

E-Mail  ....102607.2043@COMPUSERVE.COM  | 


THE  NEW  ELECTRIC  FLASH  is  pubiiified  as  a 
service  to  the  customer/owners  of  the  Bnreati  of  Electricity/Ctly 
of  Alameda.  Readers  are  invited  to  submit  ideas,  suggestions  or 
questions  by  writing  the  Editor  at  the  Bureau  of  Electricity,  P. 
0.  Box  H.  Alameda.  CA.  9^501-0263. 
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Ie,  an  Alameda  High  School  graduate  who  is  now  vice  president  of  CALSTART  open  house  July  22.  The  event  celebrated  the  establishment  of 
ring  for  Zebra  Motors  Inc,,  (in  passenger  seat)  accompanies  a  visitor  the  advanced  transportation  technologies  “hatchery”  at  Naval  Air  Station 
St  drive  of  his  company’s  nearly  silent  electric  sports  car  at  the  Alameda. 


ALSTART  hatchery  ‘just  the  beginning’  at  base 


te  engine  driving  base  redevelop- 
is  almost  silent,  but  that  doesn’t 

Snot  working. 

i  couple  dozen  electric  hatch- 
nvertibles  and  sedans  decorat- 
irking  factory,  the  CALSTART 
meed  transportation  technology” 
rtilum  welcomed  civic,  business  and 
timent  leaders  and  the  press  to  its 
|Bin  old  aircraft  hangar  at  Naval 
Alameda. 

^uART  Chief  Executive  Officer 
IVndent  Michael  Gage  told  about 
aitors  to  the  hangar  that  his  fledg- 
idustry  Is  unlikely  to  cluster  in  one 
ita  the  auto  industry  did  in  Detroit, 

^■>ects  big  things  in  Alameda. 

^Bs  just  the  beginning,”  he  said, 
fli  strong  belief  that  the  Alameda 
Air  Station  can  become  ...  a  pres-  j 
ddress  for  the  advanced  transpor- 
||^[mology  industry.”  I 

•art  has  only  been  at  NAS  since  The  media  buzzed  around  the  City  Bee  electric  car. 


Imber,  when  it  became  the  first 
pnant  of  the  base  reuse  effort. 


then,  the  consortium  has  rented  70  hangar  is  a  place  where  these  Hrms  can 
at  of  the  70,000-square-foot  hangar  try  to  make  dreams  of  transportation  in- 
start-up  companies.  novation  come  true.  So  far,  eight  hopeful 


Termed  a  “hatchery,”  CALSTART's  companies  have  brought  SO  jobs  to  the 


base. 

NAS  Commanding  Officer  Capt.  Jim 
Dodge  predicted  “more  CALSTARTs  and 


more  opportunities”  for  the  base. 

Many  credited  Rep.  Ron  Dellums,  D- 
CA,  for  hatching  the  hatchery  at  NAS. 
Sandrd  Swanson,  who  represents  Dellums 
on  the  Alameda  Reuse  and  Redevelop¬ 
ment  Authority,  said  the  entire  effort 
prior  to  NAS’s  1997  closure  should  show 
the  rest  of  the  country  “you  can  breathe 
life  into  a  base  before  it  is  closed,” 

Mayor  Ralph  Appezzato  said  he  felt  a 
new  sense  of  hope  in  CALSTART’s  han¬ 
gar. 

“The  future  of  our  community  is  very 
bright  indeed,”  he  said.  Just  a  few 
months  ago  this  hangar  was  empty  and 
there  was  no  cause  for  joy  and  celebra¬ 
tion  ...  We  will  succeed  in  converting  this 
historic  base  into  an  economic  engine  that 
we  in  the  region  can  all  be  proud  of." 

Another  sort  of  engine  was  humming 
almost  inaudibly  shortly  after  the  mayor’s 
speech.  Appezzato  took  the  Zebra  Model 
Z  out  for  a  test  drive.  The  Novato  com¬ 
pany  that  makes  the  sleek  convertible 
electric  sports  car  is  considering  a  move 
to  CALSTARTs  hatchery. 

Appezzato  was  enthusiastic  after  his 
brisk  spin. 

“Those  who  can  afford  to  purchase  an 
electric  vehicle  should,"  he  said.  “They 
see  CALSTART,  page  12 


I 
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CALSTART 

continued  from  page  I 


look  like  and  feel  like  you’re  driv¬ 
ing  a  sports  car.” 

Calling  the  vehicles  ideal  for 
the  island,  he  had  similar  opti¬ 
mism  for  the  hatchery. 

This  is  a  concrete  example 
that  this  air  station  can  be  produc¬ 
tive  and  can  be  an  economic  re¬ 
birth  for  the  region,”  he  said,  add¬ 
ing  that  the  hatchery  need  not 
have  a  perfect  record  with  the 
firms  it  brings  to  the  island.  ‘Tf 
just  one  succeeds,  it  will  be  a  suc¬ 
cess.” 


Reuse  authority  Executive  Di¬ 
rector  Kay  Miller  said  she  expects 
CALSTART’s  hatchlings  to  ex¬ 
pand  to  other  base  facilities  as 
they  grow.  She  added  that  her  of¬ 
fice  likes  the  hatchery  concept 
and  is  interested  in  using  it  again 
with  biotechnology,  environmen¬ 
tal,  telecommunications  and  mo¬ 
tion  picture  companies. 

“We  think  this  is  a  perfect 
model  for  the  kind  of  things  we’d 
like  to  expand  upon  here,”  she 
said. 
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Zebra  Motor  Inc.  of  Novato  showed  off  its  two-seat  electric  sports  car  at  the  Alameda  Naval  Air  Station 

An  Electrifying  Conversion 


Clean  transportation 
startups  hatched  at 
Alameda  air  station 

By  Jonathan  Marshall 
Chronicle  EconomlcM  Editor 

Looking  out  on  million-dollar 
views  of  San  Francisco  and  the 
Bay,  dozens  of  government  of  f i- 
ciaJs,  engineers  and  curious  citi¬ 
zens  zipped  around  the  Alameda  Naval 
r  Station  airfield  yesterday  in  electric 
ars. 

The  occasion  was  the  first  open 
house  of  a  business  Incubator  center 
housing  eight  small  companies  in  the 
clean  transportation  field.  These  start¬ 
ups  are  pioneering  the  conversion  of  the 
1,842-acre  Alameda  Naval  Air  Station  to 
civilian  uses,  before  the  Navy  finishes  its 
pullout  next  April. 

Located  at  the  air  station’s  Hangar 
20,  the  center  was  opened  only  about  six 
months  ago  with  the  help  of  a  $2.5  mil¬ 
lion  federal  grant  from  Calstart,  a  non¬ 
profit  consortium  dedicated  to  advanc¬ 
ing  transportation  technology  in  Califor¬ 
nia. 

Already  the  incubator  employs  50 
ad  is  three-quarters  leased.  An  A-6  In¬ 
truder  aircraft  parked  just  outside,  with 
its  wings  folded,  is  the  only  reminder 
that  military  jets  were  once  housed  in 
the  65,000-squaref  oot  space. 

“Just  a  few  months  ago  this  hangar 
was  empty  and  the  mood  was  solemn," 


Electric  cars  were  parked  next  to  an  A-6  Intruder  at  the  air  station 


said  Alameda  Mayor  Ralph  Appezzato. 
‘Thanks  to  Calstart  we  have  a  hangar 
full  of  vibrant  activity,  full  of  hope  and 
optimism.” 

The  idea  behind  business  incubators 
is  to  create  synergies  by  putting  small 
companies  in  the  same  industry  side  by 
side. 

Calstart*  has  created  a  similar  busi¬ 
ness  incubator  for  clean  transportation 
companies  in  its  hometown  of  Burbank. 
That  site  now  has  25  businesses. 

Michael  Gage,  president  of  Calstart, 
said  both  should  prove  viable.  "Alameda 
can  become  a  center  and  prestige  ad¬ 
dress  for  the  advanced  transportation 
technologies  industry,”  he  said. 


The  U.S.  Defense  Department  has 
helped  fund  some  of  the  technology  that 
was  on  display  at  yesterday’s  open 
house. 

Thanks  to  a  grant  from  the  Defense 
Department,  engineer  Lee  Ackerman, 
who  works  out  of  the  hangar,  just  per¬ 
fected  a  DC-motor  controller  that  could 
slash  the  cost  of  high-performance  elec¬ 
tric  vehicles.  He’s  close  to  signing  a  sales 
agreement  with  Zebra  Motor  Inc.  of  No¬ 
vato,  which  gave  participants  at  the 
open  house  high-speed  test  drives  of  its 
snazzy,  two^eat  sports  car. 

Zebra  also  may  relocate  to  the  naval 
air  station,  but  is  considering  Incentive 
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ELECTRIC:  Station's  Conversion 


From  Page  Cl 

packages  from  other  California  cities, 
said  Gary  Starr,  who  helped  found  it 
along  with  an  electric  bicycle  company, 
Zap  Power  Systems  of  Sebastopol. 

Its  car,  which  proved  a  hit  with  the 
crowd,  will  retail  for  about  $20,000  in  full 
production.  It’s  not  the  most  practical 
car,  Starr  conceded,  but  it’s  eye-catching 
and  peppy.  You  may  not  be  able  to  go  400 
miles  in  the  Zebra,  he  said,  “but  you 
should  at  least  have  fun  for  40  miles.” 

A  more  pedestrian-looking  two-seat¬ 
er  will  become  available  this  month  to 
patrons  of  the  Walnut  Creek  and  Colma 
BART  stations,  thanks  to  Green  Motor- 
works,  a  North  Hollywood  electric  vehi¬ 
cle  marketer  that  has  space  in  the  Ala¬ 
meda  hangar. 

Earlier  this  year,  more  than  a  dozen 
of  its  small  electric  cars  were  stationed 
at  the  Ashby  BART  station,  where  they 
have  proven  a  hit  with  employees  of  Sy¬ 
base  and  other  companies  that  lease 
them  for  local  trips.  “We  don’t  have 
enough  cars  for  everyone  who  wants 
them,”  said  William  Meurer,  president 
of  Green  Motor  works. 

Green’s  cars  will  come  with  dual  air 
bags,  travel  up  to  60  miles  per  hour  and 
have  a  range  of  about  60  miles  on  a  bat¬ 
tery  charge  when  they  go  on  sale  to  the 
general  public  next  year  for  about  $15,- 
000,  Meurer  said.  For  customers  with 
more  traditional  design  tastes,  Meurer 
also  had  electric  conversions  of  an  Alfa 
Romeo  Spyder  and  a  Ford  Escort  station 
wagon  on  display. 


With  General  Motors  scheduled  to 
begin  selling  its  sporty,  two-seat  Impact 
electric  car  next  year,  these  and  other 
startup  companies  in  Alameda  hope  to 
ride  a  wave  of  growing  public  interest  in 
quiet,  nonpolluting  vehicles. 

But  Meurer  conceded  his  firm,  and 
the  industry  as  a  whole,  needs  some 
breakthroughs  in  range  and  cost  before 
electric  vehicles  will  become  big  sellers. 
“We  cannot  provide  a  replacement  for 
the  gas  car  right  now,”  he  said. 
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I  CHy  Bee,  a  Norwegian  electric  commuter  car,  is  dwarfed  by  a  jet  at  Alameda  Naval  Air  Station  on  Monday. 


-  LAURA  A.  ODA  —  Staff 


lir  base  gets  jump  start  on  civilian  life 


fileen  Kirkwood 

IITER 


sporty-looking 

pica.*’ 


electric 


Technology  Cluster  of  Oakland. 
'‘I  want  it.” 


^CAMEDA  —  Electric-poW“ 
d  cars  of  all  shapes  and  sizes 

Id  around  the  runways 
ay  at  Alameda  Naval  Air 
n,  giving  test  drivers  a  taste 
die  future. 

tifinitely,  I  would  buy  one,” 
emonia  Bowie,  after  a  ride 
the  quiet  base  in  a 


Bowie  said  she  would  trade  in 
her  Mercury  Sable  for  the  noise¬ 
less.  little  car.  The  deciding  factor 
came  down  to  the  cost  of  fuel. 
Charging  the  Tropica  costs  about 
$1,25  for  every  100  miles. 


“It’s  exciting,  easy  and  it’s 
under  $20,000,”  said  Bowie, 
who  works  for  Communications 


Bi^t  by  Zebra  of  Novato,  the 
Tropica  was  one  of  two  dozen 
“alternative-fuel”  vehicles  —  in¬ 
cluding  scooters,  bicycles  and 
even  a  few  custom-fitted  shop¬ 
ping  carts  —  parked  on  the 
base’s  runway. 

They  were  lined  up  around  a 
Navy  A-6  Intruder  jet  to  sym¬ 


bolize  the  ongoing  transition  oi 
the  base  from  military  to  chlliar. 
use.  The  base  is  due  to  close 
down  entirely  in  April  1997. 


The  occasion  was  the  grand 
opening  of  CALSTART’s  business 
incubator  in  a  65,000-s<iuare- 
foot  hangar  at  the  base.  There 
are  now  eight  firms  housed 


Please  see  Conversiorw  A-12 


Jerry  A.  Martin  of  the  California  Air  Resources 
Board  takes  a  low-riding  electric-powered  bicycle 


LAURA  A.  OOA  —  Slafl 

for  a  spin  along  the  Alameda  Naval  Air  Station' 
runway. 


Conversion:  Potential  plentiful 


Continued  from  A-1 1 

Utere,  with  about  50  employees 
using  surplus  machine  tools  and 
equipment  that's  being  left  behind 
by  the  Navy. 

“Just  two  years  ago,  this 
hangar  was  empty,  the  mood  was 
solemn  and  there  was  no  cause  for 
joy  and  celebration,"  Mayor  Ralph 
Appezzato  said. 

Appezzato  said  the  CALSTART 
activity  brings  “a  nevy  sense  of 
hope  and  optimism"  to  base  con¬ 
version  efforts. 

About  200  people  attended  the 
event,  many  of  diem  entrepre¬ 
neurs  whom  CALSTART  hopes  to 
lure  to  the  center,  which  they  are 
callmg  "Project  Hatchery  North." 
C.AJi^TAi^T  is  a  consortium  of  200 
stale  firms  and  agencies,  based  in 
Ihirliank 


Lon  Bell,  CALSTART's  founder, 
said  the  goal  was  to  bring  together 
entrepreneurs  with  advanced 
transportation  technology  ideas 
together,  and  give  them  a  jump 
start. 

“Hatcheries  work.  Hatcheries 
spawn  new  industry,"  said  Bell, 
who  is  the  president  of  Amerigon 
Inc.,  the  largest  firm  located  at  the 
Alameda  CALSTART  hub. 

This  montli,  Amerigon  started 
shipping  out  electric  car  "kits," 
partly  assembled  at  the  base,  for 
companies  in  Asia.  Crates  con¬ 
fining  the  kits  for  Amerigon's 
"EV-4"  were  lined  up  in  the 
hangar. 

Other  models  on  hand  at  tlie 
base  were  the  Norw'egian- built 
City-Bee"  and  "Citi,"  small  com¬ 
muter  cars  tliat  arc  now  being 
used  in  a  B/Viff  electric  car  dem¬ 


onstration  program. 

The  thing  that's  amazing 
about  them  is  they  are  so  quiet. 
You  could  drive  up  on  someone 
and  they  wouldn’t  hear  you 
coming,  said  Gene  Keller,  mar¬ 
keting  director  for  th.e  Alameda 
Bureau  of  Electricity. 

Steve  Skarry,  ounier  of  Island 
Auto  Sales  agreed,  after  test¬ 
driving  the  Tropica.  "I  can  wait 
for  them  to  come  on  the  used-car 
lot  so  I  can  sell  them." 

The  CALSTART  hub,  modeled 
after  a  cluster  of  19  CALSTART 
nmis  in  Burbank,  could  create 
400  jobs  by  December  1990  and 
has  the  potential  to  employ  thou-' 
sands  by  capturing  the  wave  of 
new  and  aUornativc  transportation 
teclinologsc  a<‘cording  to  CAl>i- 
TART  ofn<  ials. 
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FRIDAY,  APRIL  25,  1997 


Alameda  Base  Closes  Today, 
But  Space  Won't  Sit  Empty 

Electric  cars,  Disney  among  the  18  tenants 


FRIDAY,  APRIL  25, 1997 


ALAMEDA:  Base  Closes  Today 


By  Kevin  Fagan 
Chronicle  East  Bay  Bureau 

’  Jeff  Gile  peered  out  across  the 
vacant  Alameda  Naval  Air  Station 
blacktop,  where  not  long  ago  a 
huge  fighter  jet  would  have  sat 
blocking  out  the  sun,  and  smiled. 
There  was  nothing  but  waves  be- 
t'vveen  him  and  a  crystalline  shot  of 
the  San  Francisco  skyline. 

“I’ve  got  a  million-doUar  view, 
lots  of  pavement  and  nothing,  to 
get  in  the  way  of  my  test  drives,” 


said  Gile,  trudging  back  into  the 
CalStart  electric  car  factory  where 
he  designs  sports  cars.  “Empty  and 
quiet,  just  the  way  I  like  it" 

It’s  going  to  get  a  lot  emptier 
today  when  the  air  station  hauls 
down  its  flag,  ending  57  years  as 
the  centerpiece  of  U.S.  Navy  fire¬ 
power  in  Northern  California.  But 
if  civilian  conversion  planners 
have  their  3vay,  the  island  base  just 
off  the  shoreline  of  Oakland  won’t 

ALAMEDA:  Page A17 Coll 
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stay  that  way  for  long. 

The  Navy  is  leaving  1,684  acres 
that  include  a  steam^lriven  elec¬ 
tric  power  plant,  sports  complexes, 
cavernous  warehouses,  homes  and 
three  deep-water  piers  —  and 
there  is  a  shipload  of  hopes  and 
fears  about  what  to  do  with  them. 

Hollywood  moviemakers,  small 
industries,  a  tiny  fleet  of  ships  and 
an  endangered  bird  —  the  least 
tern  —  have  already  staked  claims 
to  chunks  of  the  base.  And  with  $1 
million  in  annual  lease  revenue  al¬ 
ready  coming  in,  plus  $4  million  in 
federal  redevelopment  grants,  the 
Alameda  Reuse  and  R^evelop- 
ment  Authority  is  well-armed  to 
entice  more  business  and  get  pro¬ 
jects  rolling. 

“I  don’t  think  you’ll  find  anoth¬ 
er  base  in  the  nation  right  now 
with  this  amount  of  civilian  reuse 
already  before  we’ve  officially 
shut  down,”  said  Kay  Miller,  direc¬ 
tor  of  the  base  reuse  authority.  “I 
think  it’s  amazing  what  we’ve  done 
so  far.” 

Alameda  has  already  been  the 
most  successful  conversion  model 
among  the  five  major  Bay  Area  na¬ 
val  bases  ordered  shut  since  1989, 
attracting  as  many  businesses  as 
the  other  big  base,  Mare  Island  in 
Vallejo.  And  Mare  has  been  closed 
a  year. 

Eighteen  bu«-»ness  or  govern¬ 
ment  tenants  h«ve  signed  on  to  use 
parts  of  Alameda,  from  Disney  Stu¬ 
dios  —  which  shot  the  film  “Flub- 
ber"  there  last  year  —  and  the 
Quality  Assured  Products  industri¬ 
al  valve  factory  to  the  CalStart 
electric  car  consortium.  The  most 
visible  outfit  to  take  up  residence 
is  the  federal  Maritime  Adminis¬ 
tration’s  Ready  Reserve  fleet  of  11 
transport  ships,  used  for  disaster 
relief  and  military  support. 


In  all,  about  900  civilian  jobs 
have  been  created  at  the  base.  And 
with  525  acres  of  wetlands  marked 
as  refuge  for  the  least  tern  and 
other  wildlife,  the  environmental 
use  of  the  base  is  also  well  on  its 
way. 

Plans  include  a  new  sports 
complex  for  Alameda,  a  public  golf 
course,  a  regional  park  and  a  de¬ 
velopment  of  houses  and  marine 
businesses  around  the  former  sea¬ 
plane  lagoon.  Some  1,500  units  of 
base  housing  are  still  usable.  The 
Coast  Guard  and  a  homeless  transi¬ 
tional  housing  group  have  snapped 
up  about  half  of  the  houses. 
Among  the  warehouses  ready  for 
use  is  a  mini-aircraft  factory  called 
Building  5,  with  a  million  square 
feet  of  space. 

But  for  all  the  activity,  the  real 
work  of  replacing  20,000  civilian 
and  military  jobs  and  the  millions 
of  dollars  they  meant  to  the  region 
has  only  begun. 

Still  to  be  done  is  as  much  as 
$200  million  worth  of  cleanup  of 
toxic  waste  and  a  lot  of  salesman¬ 
ship  and  tricky  negotiations  be¬ 
tween  the  governmental  agencies 
that  have  some  claim  on  the  land. 
The  reuse  authority  may  be  over¬ 
seer,  but  its  decisions  must  be  fi¬ 
nessed  through  the  many  govern¬ 
ments  it  represents  —  including 
Oakland,  Alameda  and  Alameda 
County — as  well  as  other  agencies 
such  as  the  East  Bay  Regional  Park 
District  and  the  federal  govern¬ 
ment 

If  all  goes  well,  the  station  will 
become  the  model  of  civilian  con¬ 
version  President  Clinton  said  he 
hoped  it  would  be  when  he  or¬ 
dered  it  shut  in  1993.  If  not,  there 
will  be  a  lot  of  rotting  buildings 
and  an  economic  body  blow  to  Ala¬ 
meda,  which  has  already  seen 
some  Navy-dependent  businesses 
shut  and  its  school  population  dip 


^JS6pJFfhna$c6^  ' 


■  Proposed  uses 

(Alameda  Naval  Air  Station  uses  in  italics) 

O  Golf  course  ©  Marma  and 

(Landing  strip)  development  (i 

O  Small  research  firms  lagoon) 

(Landing  strip)  O  Homeless  he 

©  Wildlife  refuge  O  Regional  pa 

(Landing  strip)  O  1.50Q  housii 

O  City  sports  complex  ©  Coast  Guan 


E™X)  military  families  left. 

e’re  keeping  our  fingers 
1,  even  though  we’ve  al¬ 
ly  seen  a  slight  drop-off  in  cus- 

Irs,”  Linda  Costello,  who  co-, 
the  McGee  Bar  and  Grill  in 
eda,  said  yesterday.  “We’ve 
rd  a  lot  of  different  ideas,  but 
ilpo  early  to  tell  what  the  clo- 
Iwill  do. 

^G1 1  know  is  tomorrow  will  be 
1  day.” 

Ke  base  already  looks  empty, 
|most  of  its  200-plus  buildings 
tered  and  the  once-teeming 
raft  tarmacs  and  ship  piers 
■y  idle.  It  started  to  look  that 
|last  summer,  when  the  air¬ 


field  and  then  the  Naval  Aviation 
Depot  shut  down.  It  assumed  a  full¬ 
er  silence  in  January,  when  the  air¬ 
craft  carrier  Carl  Vinson  steamed 
away. 

A  citizens  group  is  trying  to 
keep  the  base’s  legacy  alive  by 
turning  the  retired  USS  Hornet  — 
now  tied  up  at  one  of  the  station’s 
piers  —  into  a  floating  museum. 

Base  commander,  Captain  Jim 
Dodge,  said  he’s  still  incredulous 
that  the  bSse  is  shutting  down,  but 
he’s  upbeat  about  the  future  he’s 
handing  off  to  civilians. 

“This  place  is  «n  fine  shape  for 
them  to  make  use  of,  and  I  am  sure 
everyone  will  be  pleasantly  sur¬ 


BY MICHAEL  MAIONEY/THE  CHRON 

Green  Motorworks  Inc.  has  set  up  an  electric  car  plant  at  Alamec' 
Naval  Air  Station.  The  air  base  officially  closes  today 


prised,”  he  said  this  week  at  his  of¬ 
fice,  boxes  piled  in  the  hallway. 
“We’ve  cleaned  a  lot  of  things  up, 
the  buildings  are  ready  to  occupy, 
and  we  are  leaving  a  deep  legacy 


of  military  history  that  I  am  si 
will  be  preserved. 

“We  think  the  chance  of  t 
base  turning  into  a  ghost  towi 
just  about  nil.” 
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I  Hugged 

I 

'  Electric  Vehicle  Expo 
I  j  shows  Alameda  is 
I  focused  on  the  future 

By  David  Quigg 

•  Staff  Writer 


When  bigwigs  start  buying  you 
lunch,  it  may  be  time  to  consider 

■  taking  yourself  seriously. 

At  a  gathering  to  promote  the 
'  Alameda  Electric  Vehicle 
Exposition,  representatives  of 

I  General  Motors,  Ford,  Honda  and 
*  a  collection  of  advanced 
transportation  companies  sat 
down  to  a  meal  hosted  by  Toyota. 
But  it  was  something  that  the 

I*  people  from  Toyota  and  the  other 
massive  carmakers  said  during  a 
panel  discussion  just  before  lunch 
that  boosted  the  credibility  of  the 

■  Bureau  of  Electricity’s  newest 
-  ambition:  making  Alameda  a 
model  city  for  electric  vehicles. 

Asked  whether  they  could 
envision  a  day  when  their 

■  companies*  assembly  lines  would 
turn  out  as  many  electric  cars  as 
gas  cars,  nobody  said  no.  Ford 
jumped  right  in:  “Yes.”  Bowing  to 

I  the  market,  GM’s  Rick  Ostrov 
said,  “Yes,  if  you  desire  it.”  Toyota 
and  Honda  gave  answers  that 
boiled  down  to  “maybe.” 

“I  never  expected  to  hear  that 

■  from  the  majors,”  John  Huetter,  E 
director  of  CALSTART’s  J 
advanced  transportation  hatchery  o 
at  the  closed  Naval  Air  Station  T 
Alameda,  said  later. 

■  However  tepid  an  tl 
endorsement  “maybe”  might  A 
seem,  GM’s  Ostrov  said  the  a( 
responses  were  remarkable.  Even  tl 

I  two  years  ago  auto  industry 
representatives  would  have  c^ 
laughed  at  the  suggestion  that  st 
electrics  could  one  day  pull  even  is 
with  gas  cars,  he  said.  A] 

I  And  here  they  were  —  ci 
representatives  of  four  of  the  lo 
world’s  biggest  carmakers,  sitting  Ci 
in  a  tent  pitched  on  the  runway  of  Sc 

■  the  closed  Navy  base,  getting  bt 
ready  to  go  outside  and  show  off  ca 
their  early  efforts  at  bringing 
electric  vehicles  to  American  th 
consumers.  to 

I  But  something  is  standing  re 
between  electric  vehicles  and  the  su 
mass  market. 

“The  only  way  this  technology  ve 
will  begin  to  succeed  rapidly  is  if 

I  we  really  get  the  public  vu 
infrastructure  in  place,”  said  ba 
Ostrov.  pe. 

.  In  any  American  city,  you  don’t  old 

■have  to  drive  far  before  you"come  the 
upon  a  gas  station  and  then 
another  and  another.  The  same  ha^ 
cannot  be  said  of  public  places  to  out 
charge  an  electric  vehicle. 


Janet  Orth  of  Willits  (above) 
slips  behind  the  wheel  of  a 
General  Motors  EVl,  while  ^ 

Hiroyuki  Narashima  (left)  * 

takes  one  of  Electric 
Motorbike  Inc.^s  motorcycles 
for  a  spin.  Richard  Myer  of 
Alameda  (below)  peers  inside 
the  body  of  a  Zebra  Motors 
electric  sports  car.  Myers  said 
he  would  be  interested  in 
buying  one  next  year. 

Photos  by  Kathy  Baker 


That’s  where  the  Bureau  of 
Electricity  comes  in,  according  to 
Jim  Baak,  who  oversees  the  city- 
owned  utility’s  Electric  Vehicle 
Task  Force. 

Between  the  two  sponsors  of 
the  Sept.  27  electric  vehicle  expo, 
Alameda  already  has  eight  public- 
access  charging  stations  —  two  at 
the  bureau  and  six  at  CALSTART. 

As  more  citizens  buy  electric 
cars,  expect  more  charging 
stations  to  pop  up  around  the 
island.  In  its  effort  to  make 
Alameda  a  model  electric  vehicle 
city,  Baak  said  the  bureau  is 
looking  at  installing  stations  at 
City  Hall,  the  ferry  terminals  and 
South  Shore  Center.  As  always 
budgets  will  dictate  how  fast  this 
can  happen. 

Things  may  be  moving  faster 
than  anyone  expected,  according 
to  Baak.  He  said  the  companies 
represented  at  the  expo  were 
surprised  that  so  many  people 
showed  up  to  try  out’  their 
vehicles. 

With  a  startlingly  beautiful 
view  of  San  Francisco  as  the 
backdrop,  an  estimated  3,000 
people  spent  their  Saturday  on  the 
old  NAS  runway  taking  a  peek  at 
the  future  of  transportation. 

What  they  saw  and  drove  may 
have  been  a  revelation.  It  turns 
out  electric  vehicles  are  not  just 
see  EXPO,  page  10 
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Expo - 

continued  from  page  3 


more  of  the  same,  not  just 
wannabe  gas  cars. 

“Most  sane  people  who  are  in 
the  electric  vehicle  industry  will 
tell  you  it’s  not  a  replacement  for 
the  gas  car,”  said  BofE’s  Baak. 

But  many  of  the  trips  we  make 
in  gas  cars  are  overkill,  he  said. 
For  example,  there  is  the 
commonplace  sight  of  someone 
taking  a  sport  utility  vehicle  to 
pick  up  a  bag  of  groceries. 

Ambitious  young  companies 
are  crawling  into  the  various 
niches  where  gas  cars  are 
overkill. 

The  expo  featured  bicycles 
with  electric  motors  to  help 
commuters  conquer  the 
headwinds  and  hills,  electric 
skateboards,  electric  scooters  and 
electric  motorcycles.  For  tooling 
around  town,  there  were  what 
amounted  to  souped-up  golf  carts. 

For  those  who  insist  on  taking 
their  sport  utility  vehicle  to  the 
supermarket,  Honda  and  Ibyota 
were  on  hand  with  electric 
versions.  Honda  used  the  expo  to 
announce  that  it  is  bringing  its  EV 


Plus  to  the  Northern  California 
market.  Ford  brought  an  electric 
version  of  one  of  its  pickup  trucks. 

And  for  those  who  worried  that 
electric  vehicles  have  to  look  like 
Hipperware  on  wheels,  there  were 
a  couple  of  very  sleek  cars.  Zebra 
Motors,  which  is  close  to  signing 
a  lease  on  space  at  NAS,  was 
giving  test  drives  of  its  sporty 
white  convertibles.  General 
Motors  was  showing  off  the  EVl, 
which  hurries  from  0  to  60  mph  in 
8  1/2  seconds. 

The  expo  is  making  some  big 
noise  for  Alameda,  according  to 
Baak.  Talking  two  days  after  the 
event,  he  said  he  was  getting 
ready  for  interviews  with  a 
French  magazine  and  Minnesota 
Public  Radio.  In  addition,  he 
counted  five  television  stations, 
two  radio  stations  and  a  whole  host 
of  newspapers  that  had  covered 
the  expo. 

“We*re  getting  coverage  all 
over  the  place,”  he  said.  “It’s 
unbelievable.” 

Plans  call  for  an  even  bigger 
expo  next  year. 
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fhousands  turn  out  to  see  electric  cars 


Jonna  Palmer 

[■AFF  WRITER 


ALAMEDA  —  It  was  almost 

I  like  watching  a  car  rally  on 
ute.  Brightly  colored  cars 
pped  around  the  airstrip  at  Al¬ 
ameda  Point  Saturday  afternoon 

tMng  most  riders  their  first  test 
rive  of  an  electric  vehicle. 

I  It  was  all  part  of  the  Alameda 
Electric  Vehicle  Exposition. 

■  Organizers  said  they  were  ex- 
emely  pleased  with  the 
rnout  —  about  3,000  people 
—  and  hoped  the  public  would 
^e  home  the  message  that 
Kctric  cars  now  are  a  practical 
Blernative  to  gasoline-powered 
vehicles. 

^  The  expo  featured  a  variety  of 
ftctric  vehicles  for  people  to 
drive  —  everything  from 
Toyota’s  RAV-4  EV  to  converted 

(Ikswagen  Rabbits  to  an 
ctric-powered  Radio  Flyer 
gon. 

Jim  Baak,  who  helped  coor- 

tiate  the  event  for  the  Bureau 
Electricity,  said  the  expo  fea- 
ed  the  widest  variety  of 
electric  vehicles  ever  gathered  in 

fifornia. 

‘I  think  people  will  come  out 
it  ^^th  the  realization  that 
his -is  no  longer  future  tech- 
^o^,”  he  said.  *‘It  is  a  ‘now’ 
Bhnology.” 

HAnd  that  is  even  more  true  in 
he  Bay  Area  now  that  Honda 
^  decided  to  lease  its  EV 
Hus  at  three  local  Honda  deal- 
Hhips.  This  week,  the  auto 
aanufacturer  announced  the 

tPLUS  would  be  available 
.1  for  fleet  sales  in  the  Bay 
a,  but  Christian  Nguyen  of 


JANE  TYSKA  — Staff 

Visitors  to  the  Electric  Vehicle  Expo  check  out  a  car  that  runs  on  hydrogen  fuel  cells  and  surge 
batteries. 


San  Francisco  Honda  said  the 
cars  also  would  be  available  for 
individual  leases. 

John  Heutter,  director  of  Ala¬ 
meda’s  CALSTART  incubator, 
said  it  was  a  good  sign  that 
Honda  is  following  customer  de¬ 
mand. 

“You  have  some  major 
players  that  are  being  respon¬ 
sive  (and  taking)  ,  some  risk  to 
get  the  vehicles  out  there,”  he 


said,  '  ’ 

With  the  Toyota  RAV4  EV 
and  GM’s  EVl  also  offering  test 
drives,  consumers  had  at  least  a 
few  examples  to  compare  with 
Honda’s  car.  But  several  of 
those,  who  took  test  drives  in¬ 
stead  compared  the  cars  with 
conversion  cars  owned  by  mem¬ 
bers  of  the  Electric  Auto  Associ¬ 
ation. 

Jim  and  Doric  Krantz  said 


they  are  looking  for  a  second 
car  to  buy  and  are  interested  in 
an  electric  car,  but  balked  at  the 
expense  of  leasing  a  new  one, 
which  they  said  would  cost 
about  $500  a  month.  Jim 
Krantz  said  the  idea  of  con¬ 
verting  an  older  car  was  much 
more  appealing  because  it 
would  be  less  expensive. 


I 

I 

I 
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Mptorists  teke 
a  quiet  spin 
in  electric  cars 


BY  Renee  KouRY 

I  Mercuiy  News  Staff  Writer 

ALAMEDA  —  Hundreds  of 
drivers  zoomed  around  an  old 
runway  at  the  defunct  Alameda 
Naval  Air  Station  on  Saturday, 
but  they  could  still  hear  the  dis¬ 
tant  call  of  the  gulls  and  smell  the 
salt  in  the  sea  breeze. 

The  vehicles  hardly  made  a 
sound.  And  they  didn’t  smoke  up 
the  air. 

The  drivers  were  in  electric 
cars  at  the  Alameda  Electric  .Ve¬ 
hicle  Exposition,  the  first  major 
event  of  its  kind  in  the  region, 

I  organizers  said. 

“They  look  like  regular  cars,” 
marveled  Tina  Monaco-Glyrm  of 
Oakland,  who  drove  a  Toyota 
Rav  4  Electric  Vehicle.  “The 

Iainazing  thing  was,  you  could 
still  hear  the  wind  while  you 
were  driving.” 

Doree  Miles  of  Alameda  was 

I  equally  stuimed  by  the  lack  of 
vrooming.  “You  don’t  even  know 
the  car  is  on,”  she  said  after  test- 
-driving  a  General  Motors  electric 

I  See  CAR,  Page  6B 


‘They  look 


like  regular 
cars.  The 


amazing 
thing  waSf 


you  could 


still  hear  the 
wind  while 
you  were 

driving,’ 

— ^  Tin<i 
M  onaco-Gl^nn  of 
Oakland,  who 
dmve  a  Tayota 
Ra  v  4  Elecirk 
Vehicle, 


by  electric  cars,  but 


■  CAR  *'  hav0  a  feejing  I’d  gist 


fixmp^elB  stuck  somewharw  With  an 

sports  car.  “It’s  so  quiet  You  vvr  - •-v.v-v  yr -v- 

don’t  have  the  gas  pe^  revving  ^leotric  car.  that  went  , 

the  car  up  or  the  esdiajqst  coming^  . . y  • 

out”  /I  ^deadiandwiv^w,.  would 


Throughout  the  day,  about  .  . . 

3,000  curious  drivers  wandered  you  plug  In?* 
into  the  exposition  ^.to  i 

the  late^  in  electric-car  technolo^  : ; . 


—  t^Oormors 


gy.  They  we  amazed  •  to  find 
sports  cars  and  family  cars  that 
looked  like  regular  cars,  and  an 
assortment .  of  motorized  bicy¬ 
cles,  scooters  and  motorcycles. 
Everyone  wondered  if  the  clean 
and  quiet  cars  were  really  avail¬ 
able  for  purchase,  how  much 
they  cost,  how  far  they  can  go 
before  the  batteries  poop  out  and 
how  fast  they  run. 

“A  lot  of  people  don’t  believe 
they’re  ^  really  rnarket-reiady  yet, 
and  they  are,”  said  Johrf  Huetter, 
a  director  of  Cals^rt^  ^a  -it^nsor- 
tiiim  of  cpmpa!mje!si‘'ct;eatihg 
clean-engine  traitq^rt^om  :  Cal- 
start  has  its  headquait^  ■  ori  the 
old  Navy  base, -^hicfi  closed 
.^riL  vr.  _  •;  ^ 

The  bigger  ^leitric-  cam^  s^ 
about  $30,000,"  according  to  maii- 
ufacturers,  or  about  $400  to  $500 
per  month  to  lease.  “Too  bad 
they’re  so  expensive,  or  .1  ini^  . 
consider  it;”  said  Mpnaco^jlyim,^ 
echoing  other,  test  driveri  “I  like 
the  cars,  but  it’s  so  mudi  mon^ 
ey.”  ,y'.  ;  y 

Others,  were  concerned  be¬ 
cause  the  cars  usually  can  go 
only  100  . tp  125  iniles  before  the 
batteri^  run  out  of  juice. 
charging  usually  takes  around  six 
hours.  And  most  electric  cars  go 
a  little  slower  than  gas-driven 
cars,  though  big  ones  can  reach 
80  mph. 

.  Only  a  few  big  m^irfacturers, 
such  as  Honda  and  Greneral  Mo¬ 
tors,  plan  to  start  distributing 
their  electric  cars  in  Northern 
Caltfomia  soon,  and  only  a  few 
vehicles  —  test^  in  Souther  Cal¬ 
ifornia  —  will  be  available. 

Norway’s  Pivco,  the  coitipany 
that  makes  those  little  electric 
“city  be^”  that  BART  riders  ctm 
torrow  to  drive  fixrm  trin  sta¬ 
tions  to  work,  also  has  made 
those  cars  available  for  sale  in^^ 
the  re^on,  event  organizers  said.^' 
And  same,  bicycle .  comp^ea,. 
^cb  ^ ’Zap  Power  ;&^ms  ' of 
S^a^pol,  si^  /rnotonz^  bikes 
that  can  reach  i5>‘td'^18,rtiph 
come  with  rechitJers. 


About  15  manufacbl^ers  ■  of 
electiic  bikes,  cars  and  impjorcy- 
cles  lined  up  their  wh^l$  'Satirr- 
and  let  anyone  wjih%  drives 
licen^  test  drive  for 
V  .‘T  was  very  Unpjtosed,”  said 
Bob  Spber  of  Saua  Francisco,  a 
high4ech  recniiter,  after  he  rode 
in  GM’s  sporty,  red,  two-seat 
ElVl.  “It  was  sort  of  Uke.a -le^ 
into  the  future.  The  rnain  adi^- 
tage  is,  it’s  so  quiet  And  you’re 
driving  with  a  clean  consdence.” 

Car 'manufacturers  have  an  im 
terest  in  creating  a  desirable  elec¬ 
tric  car  Under  a  California  clean 
air  rn^date,  starting  in  2003,  10 
percent  of  vehicles  offered  for 
sale  in  California  must  have  zero 
emissioiis. 

Officials  '  from  the  city  of  Ala¬ 
meda,  which  co-sponsors  Satur¬ 
day’s  expo,  have  tried  for  years 
to  get  inore  people  to  drive  elec¬ 
tric  cars  te  keep  the  commiii^ 
cleaner,  said  city  spokesman 
■  Matt  McCabe.  Officials  are  urging 
'Electric  car  compani^  to  settle 
Om  the  former  Navy  base  —  a 
I"J34-acre  swath  of  land  ‘that 
McCabe  said  is  perfect  for  re^ 
search  and  developmerit  ‘ 

Mdiy  diiyers,  while  wincing  at 
the  prices  y for  the  cars,  s^d 
they’d  buy  tiiem  to  help  clean  up 
the  air. 

“When  you’re  driving  a  truck 
all  long  up  and  down  the 
freeway,  you  look  on  the  horizon 
and  see<hothing  and 

you  start  to  feel  so  guilty,”  said 
Mike  Connors  of  Alameda,  a  driv¬ 
er  for  an  East  Bay  coffee  compar 
ny.  “The  warning  signs  of  poUu- 
tion  are  here.  We  have  to  listea” 

But  many  said  they’d  use  the 
cars  only  as  a  secondary  family 
car  for  short  jaunts.  “I  personally 
love  them,  but  rd  like  a  transition 
p^od  where,  there  are  cars  with 
,bpth  jz^liiie  fund  electricity,” 
said  ‘Coring  ‘  Tm 

still^a  littie  le^.T  have  a  feeting 
Td  g0t  :sdick 

eleptric  went  de^  arid 

wh^ffe*  Avdiud' ybu Ymefe 
would  vou  ohiff  in?" 
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It’s  silent,  it’s  tiny,  and  the  Alameda  Bureau  of  Electricity 
‘''^lieves  it  may  very  well  be  in  your  future.  A  prototype 


1^] 

Alameda 
looking  to 
become 
'the  leader 
in  the 
electric 
vehicle 
industry 


.  —mow  oy  Kathy  Baket 

CitiBee  electric  vehicle  is  dwarfed  by  its  full-sized  gas¬ 
burning  cousins. 


By  Janet  Kettelhut 

Staff  Writer 


If  Jim  Baak  has  his  way, 
Alameda  will  be  humming. 

“What  the  Silicon  Valley  is  to 
computers  and  what  Napa  is  to  wine 
making,  we  want  Alameda  to  be  to 
the  electric  vehicle  industry,”  said 
Baak,  the  Bureau  of  Electricity’s 
electrical  vehicle  program 
coordinator. 

The  island  could  be  a  Northern 
California  center  for  their 
development,  production  and  use, 

“Alameda  is  the  ideal 
community,”  he  said.  “They  work 
best  in  mild  climates,  at  low  speeds 
and  with  short  driving  distances.” 

But  even  though  they  were  first 
built  over  a  century  ago,  and  the 
idea  was  revived  during  the  1970s 
gas  crises,  electrical  cars  have  yet 
to  catch  on. 

“Most  people  think  they  are  like 
golf  carts  and  that  they  can’t  go  far 
or  on  freeways,”  said  Pleasant  Hill’s 
Anna  Cornell,  a  member  of  the 
board  of  directors  of  the  Electric 
Auto  Association  that  promotes  the 
use  of  electrical  vehicles.  She  and 
husband,  Scott,  have  traveled  for 

years  speaking 


^^^^-Thgt^iaphef  >  ^  ’’"M 


with  thousands 
of  people  about 
their  two 
converted 
Volkswagens 
—  a  Rabbit  and 
a  Karmann 
Ghia. 

But  she 
says 

misconceptions 
abound.  Scott 


^  ^  abound.  Scott 

,K:athy/;What?do  you  say?^^^^^^^  has  driven  his 

[>u^lvanl^trt  If  ^  iV  pi  ppf  ri  n 


electric 
vehicle  for  17 
years.  He 
drives  40  miles 
on  the  freeway 
to  his  job  in 
San  Ramon. 

They  travel 
at  80  miles  per 
hour  and  have 
traveled  from 
San  Francisco 
to  Eureka 
stopping  at 
three 

recharging 
stations  set  up 
for  a  special 


event.  But  for  most 
long  trips,  such  as  to 
Thhoe,  people  will 
need  a  gas  vehicle. 

But  using  gas- 
powered  cars  for 
short  trips  is  like 
swatting  moths  with 
a  ray  gun. 

“It’s  wasteful  to 
hop  into  a  Ford 
Explorer  to  go  1 1/2 
miles  * 
groceries 
Baak 

to  the  environment 
—  the  emission 
system  is  not 
warmed  up  and 
pollution  is  at  its 
max  —  and  it  is  not 
cost  effective.” 

An  electric 
vehicle  would  be 
perfect.  According  to 
a  survey  of 
commuters  into 
Alameda,  the 
average  worker 
travels  36  miles,  well 
within  the  range  of  a 
battery  operated 
auto. 

Right  now  the 
bureau  and  the  city 
have  about  seven 
electric  vehicles  in 
their  fleet  of  100. 

Switching  to 
electric  may  prove 
easier  for  the  city 
than  for  its  citizens. 

“Americans  have 
a  great  attachment  to 
cars  that  are  bigger,  better  and 
faster,”  said  Baak.  “And  we  also 
love  the  luxury  of  CD  players,  and 
electric  doors  and  windows  in  our 
cars.” 

Electric  vehicles  themselves 
have  been  something  of  a  luxury. 

“Like  any  new  technology  it’s 
very  expensive  —  almost  double  the 
cost  of  gas  vehicles,”  said  Baak. 

But  that  may  be  changing. 

Alameda's  Zebra  Motors,  Inc.  is 
developing  a  sporty  vehicle  —  a 
two-seat  convertible  that  looks  like 
a  cross  between  a  Corvette  and  a 
Mazda  Miata  —  that  will  sell  for 
$20,000 . 

“Their  claim  to  fame,”  said 
Baak,  “will  be  the  world’s  first  low- 
see  ELECTRIC  VEHICLES,  page  8 
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*What  the  Silicon 
Valley  is  to 
computers  and 
what  Napa  is  to 
winemaking,  we 
want  Alameda  to 
be  to  the  electric 
vehicle  industry, ' 

“Jim  Baak 
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Electric  vehicles 

continued  from  page  1 
cost  electric  sport  car.” 

It  is  expected  to  be  ready  for 
sale  in  Alameda  next  year. 

Upcoming  mandates  by  the 
California  Air  Resources  Board 
are  pushing  more  manufacturers 
to  build  cars  with  zero  emission. 
That’s  getting  mainstream 
builders  like  GM,  Honda,  and 
Toyota  into  the  business. 

Toyota’s  RAV4  EV  will  look  like 
it’s  gas-powered  sports  utility 
vehicle.  “And  unless  you  hear  it, 
or  I  should  say  didn’t  hear  it,”  said 
Baak.  “You  couldn’t  tell  it  is  an 
electrical-powered  vehicle.” 


Another  Alameda  company, 
Green  Motorworks,  is  negotiating 
with  General  Motors  to  bring  six 
of  their  GM  EVls  to  the  Bay  Area. 

And  the  bureau  is  planning  to 
buy  electrical  vehicles  so 
residents  and  business  can  borrow 
them  for  up  to  a  week. 

They  want  to  introduce  people 
to  the  car  to  overcome  the 
misconceptions.  Once  they  do, 
they  may  get  hooked  like  Corneli 
and  her  husband. 

“I  like  not  having  to  go  the  gas  / 
station,  no  fumes  and  doing  my  / 
part  for  the  environment.” 
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A  ...^.1^  J-  A  J  '  '  NICK  UMMERS^  Staff 

m^ft  late  Wednesday  at  Alameda  Point  when  an  electric  car  drove 

more  than  .1,000  miles  on  a  single  battery  charge  since  Saturday  morning.  The  previous  re- 

ThL'^  "1“^’  oj-shore  winds  deiayed  its  pi^n'i^d  finish  time  Sn  Tuesday, 

^cf  manufactured  by  Southern  California-based  Company  BAT  international 

creS”^SRAT°^  growing  by  little  Increments,  but  this  Is  a  big  In- 

trilTin  Lif  President  Joe  LaStella,  who  hopes  to  sell  the  car  In  heavily  polluted  cLn- 
!.P  Is  now  working  on  a  t\yo^vyheel,  b^tt'ery-charged  vehicle. 
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News  for  the  Customers  and  Communities  We  Serve 


In  This  Issue  •  PG&E,  Part  of  the  Economic 
Community  •  Trees,  Power  Lines,  And  You 
•  New  PG&E  Uniforms  •  Oriental  Salmon 


Why  PG&E  ^ 

Trims  Trees,  And  Wh^ 
You  Can  Do  To  Help 

Tree  pruning  is  important  and 
necessary.  In  fact,  state  law 
requires  utilities  to  regularly 
prune  trees  from  high  voltage  lines. 
PG&E  spends  an  average  of  $50  million' 
a  year  pruning  trees,  and  has 
increased  the  budget  for  the  future. 


Take  a  moment  to  look  at 
the  overhead  lines  in  your 
neighborhood.  There  are  three 
lines  to  recognize — the  prima¬ 


ry  or  high- 
voltage 

lines,  the  secondary  or  low- 
(amtinuedm  back  page,  ad.  2) 


( o  help  make  California  a  more  attractive  place 
to  live  and  work,  PG&E  has  created  partner¬ 
ships  with  other  businesses,  non-jpf  ‘ 
and  community  and  government  leadeisl 
Community  Economic  Vitality  Initiatiy||__^ 
In  addition,  PG&E  employees  have  made  co|trih|ifio^|^fc 
through  a  wide  variety  of  volunteer  and  civic 

nomic  developniefaf Miip^S 

:  and  chambers  of  irommercM^^ 

and  by  serving 
ning  commissions!  ■ 

-  The  company's  Coinmtii||  ,^ 

nity  Economic  Vitality  Initiatives  are  a  commitment^^^^l 
ensuring  California’s  communities  are  competitive  in  toda^slft'f 
global  economy.  They  are:  . :%r3|j 

Small  business  development  and  incubators 

Business  incubators  are  facilities  where  new  and  growing 
businesses  operate  under  one  roof,  with  affordable  rents,  flexible 
leases,  shared  services  and  equipment  and  access  to  professional 
management  training  and  assistance.  PG&E  has  helped  to 
develop  20  business  incubators  which 
have  created  1,100  jobs  in  northern  and 
central  California. 


jobs  and  promote  strategic  economic 
planning.  These  include  the  TO-Valley 
lljsto^  Council,  Joint  Venture:  Silicon 

S""*'  "Mwork,  the  Bay  Area  Economic 
;|pd  the  Economic  Vitality  Corp.  of 
^^Obispq  County 


Strategic  community  economic 

PLANNING 

PG&E  has  provided  funding  and  lead¬ 
ership  for  organizations  that  are  working 
to  retain  and  attract  businesses,  generate 


®*SE  CONVERSION  AND  REUSE 

iwH  conversion  effort  is  occurring  at  wmmmmmummmmmmrn 
^l^eda  Naval  Air  StaUon,  where  PG&E  recently  approved  a 
:  Alameda  Center  for  Enviromnental  Technol- 

i  I  business  incubator  It  will  be  home  to  25 

iffifcN  ^  information  from  envi- 

•  ^  •f^f!^®i^.i'2search  facilities  around  the  country  and 

ijr^late  that  knowledge  into  products. 

contributed  a  grant  to  CALSTART,  an  alternative 
energy  Iricubator  at  Alameda  with  (so  far)  eight  businesses  that 
areinanufacturing  parts  for  electric  vehicles. 

Business  AND  community  climate  improvement 

:  B^  working  with  local  governments  and  other  agencies, 

PG&E  seeks  ways  to  create  business-friendly  climates  in  the 
communities  we  serve.  For  example,  PG&E  co-sponsored  a  con¬ 
ference  in  northern  California  for  local  government  and  busi¬ 
ness  to  simplify  the  often  lengthy  permitting  process  for  new 
businesses. 

PG&E  thinks  these  initiatives  are  a  win-win  proposition: 
stronger  communities  and  markets  mean  a  stronger  PG&E. 

For  more  information  about  our  Community  Economic  Wtality 
Initiatives,  call.the  community  relations  department  at  (415) 
973-7389. 
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ACTIVE  DIFFERENTIAL  FINAL  REPORT 

CALSTART  PROPULSION  SYSTEM  DEVELOPMENT  PROJECT  FOR  ADVANCED 

HYBRID  RECONNAISSANCE  VEHICLES 

INTRODUCTION 

As  part  of  Rod  Millen  Special  Vehicle’s  contract  number  MDA972-95-1-001 1  (ARPA  RA94-24 
Program),  effective  April  1,  1996.  under  the  aegis  of  CALSTART’s  Propulsion  System 
Development  Project  for  Advanced  Hybrid  Reconnaissance  Vehicles  effort,  the  Joint  Tactical 
Electric  Vehicle  (JTEV)  differentials  were  to  be  evaluated  with  the  intent  of  improving  the  overall 
performance  level  of  the  vehicle. 


BACKGROUND 

JTEV’s  current  drive  system  incorporates  a  Weismann  locker  differential  system  to  allow  the 
rotational  rate  of  the  wheels  to  vary  from  left  to  right  across  the  vehicle,  and  allows  the  wheel 
with  the  most  traction  to  receive  the  full  driving  torque  available.  This  type  of  drive  was  selected 
for  maximum  mobility  in  an  off-the-shelf  system.  This  system  has  the  advantage  of  always 
providing  drive  to  the  ground,  but  under  very  poor  or  rapidly  changing  traction  conditions,  it  has 
the  potential  to  overload  the  driving  wheel  and  break  traction,  thus  shifting  all  drive  to  the 
opposite  wheel.  This  could  cause  instability  due  to  the  vehicle’s  tractive  effort  center  rapidly 
alternating  from  left  to  right.  In  order  to  further  demonstrate  the  tactical  utility  of  hybrid  electric 
vehicle  technology,  it  was  deemed  desirable  to  attempt  to  improve  the  differential  system  with 
the  intent  of  achieving  a  system  capable  of  producing  the  absolute  maximum  tractive  effort  in  all 
possible  conditions,  without  adversely  affecting  JTEV’s  handling  characteristics. 

DESIGN  SUMMARY 

This  project  necessitated  the  design  of  a  system  capable  of  transmitting  the  full  torque  available 
at  JTEVs  differential  through  one  wheel,  and  also  capable  of  behaving  as  a  completely  open 
differential,  inducing  no  torque  bias  across  the  axle.  In  addition,  this  system  had  to  be  able  to  fit 
in  the  space  envelope  available  on  JTEV,  and  be  actuated  by  less  than  1500  psi,  so  as  to  allow 
use  of  commonly  available  hydraulic  components  and  seals.  The  torque  transmission  across 
the  differential  clutch  pack  was  calculated  to  be  approximately  225  ft-lbf,  and  the  pressure  to 

release  the  clutch  pack  was  calculated  to  be  approximately  750  psi.  These  calculations  are 
detailed  in  Appendix  A. 
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This  project  culminated  in  the  design  of  a  hydraulically  actuated  variable  load  clutch  system 
capable  of  being  fitted  to  JTEV.  The  unit  consists  of  a  set  of  friction  discs  and  a  hydraulic 
cylinder  integrated  in  a  very  compact  package.  This  clutch  system  is  designed  to  function  with 
a  conventional,  spider-gear  type  differential,  and  is  intended  to  vary  the  torque  transmission 
across  the  wheels  on  a  given  axle.  The  whole  differential  system  is  then  to  be  integrated  with  a 
computer  control  through  an  hydraulic  actuator.  The  control  of  differential  slip  allowed  by  this 
type  of  a  system  can  give  the  vehicle  maximum  tractive  effort  (both  in  acceleration  or  climbing 
and  also  under  braking)  without  introducing  the  poor  cornering  behavior  associated  with  locked 
differentials.  In  the  event  of  a  loss  of  hydraulic  pressure,  this  unit  is  designed  to  lock 
completely.  This  feature  ensures  that  the  vehicle  maintains  it’s  full  drive  capability.  This 
situation  would  adversely  impact  the  vehicles’  cornering  performance,  but  being  able  to  pull  out 
of  the  bog  is  more  important  than  having  optimum  handling  in  tight  corners.  An  assembly 
drawing  and  layout  schematic  is  included  as  Appendix  B. 

Improving  vehicle  stability  and  traction  using  a  computer  controlled  differential  can  be 
approached  in  a  number  of  ways.  The  two  most  obvious  are  using  a  closed  loop  control  system 
which  simply  attempts  to  equalize  the  torque  transmitted  by  the  left  and  right  wheels  of  the 
vehicle,  and  an  open  loop  control  system  which  monitors  operational  parameters  of  the  vehicle 
and  regulates  differential  lockup  with  the  goal  of  not  impairing  vehicle  handling.  Although  a 
closed  loop  system  seems  a  more  elegant  solution,  such  an  approach  is  fraught  with  difficulties, 
including  the  difficulty  of  accurately  and  reliably  monitoring  axle  torque,  and  the  very  real 
possibility  of  control  system  instability.  For  these  reasons,  an  open  loop  control  system  would 
be  the  primary  avenue  of  development  for  further  work  on  this  project. 


TESTING 

Bench  testing  of  this  unit  was  conducted  to  determine  its  ability  to  transmit  torque,  and  it’s  ability 
to  be  pre-set  to  slip  at  different  torque  levels.  The  friction  plates  were  lubricated  with  Mobil  1 
15W-50  synthetic  oil  prior  to  assembly.  The  unit  was  assembled  with  varying  shim  stacks  in 
order  to  vary  the  spring  preload  on  the  friction  discs.  Each  assembly  was  then  tested  to 
determine  its  torque  transmission  ability.  Torque  transmission  varied  between  10  and  450  ft-lbf. 
Typically,  static  friction  was  five  to  ten  percent  higher  than  dynamic  friction,  but  the  dynamic 
friction  measurements  were  not  at  all  precise,  especially  at  higher  torque  values. 


Test  results  are  summarized  in  Appendix  C. 


CONCLUSIONS 

Bench  testing  shows  that  this  unit  as  currently  designed  has  the  capability  to  function  as  the 
heart  of  an  active  differential  system  on  JTEV.  Further  analysis  is  warranted  prior  to  on-vehicle 
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RECOMMENDATIONS 


This  system  has  the  pofential  to  improve  the  performance  of  the  Joint  Tactical  Electric  Vehicle 
under  traction-limited  conditions.  Further  analysis  will  be  required  to  determine  if  the  unit  will  be 
able  to  handle  the  thermal  loading  that  might  be  imposed  in  the  most  severe  situations.  A 
number  of  options  exist  if  the  thermal  issues  prohibit  use  of  this  exact  design.  Among  them  are 

forced  oil  cooling  through  the  clutch  pack  housing,  and  use  of  a  heat  exchanger  in  the  hydraulic 
system. 


Vehicle  testing  is  required  to  validate  the  functionality  of  this  system.  The  first  phase  of  such 
testing  should  be  to  select  and  implement  a  suitable  spider-gear  differential,  and  then  install  the 
system  on  JTEV  with  only  a  rudimentary  control  system.  This  system  should  be  able  to 
produce  no  slip,  100%  slip  and  50%  slip  across  the  differential.  During  vehicle  testing  the 

system  should  be  instrumented  to  evaluate  thermal  loading,  torque  split,  and  overall  tractive 
effort. 
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APPENDIX  A 

Active  diff  torque  and  pressure  calculations 
JTEV  Torque 
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Tdiff=430.024-ft-lbf 


Diff  clutch  torque  req'd  =  450  ft-lbf,  based  on  JTEV 
Clutch  pack  sizing: 

M-.i 

M  :  =  — -ft-lbf 
2 

D  =4.0' in 


d  -  3.5- in 

torque  transmitted  through  clutch  pack  is  half  of  axle  torque 
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L=axial  load  required  on  clutch  pack 

L  =  4.793 10^  -Ibf 
Dcyi  :  =  3.(>in 

t  =.25- in 


dcyi  =.9-in 


cyl 
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P=745.117*psi 
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a  =  4.471*  10  -psi 
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APPENDIX  C 


Bench  test  results 

Temperature:  70  deg  F 

Component  condition:  New 

Lubrication:  Mobil  1  15W50  synthetic  oil,  liberally  applied  to  friction  and  floater 

plates 

Instrumentation:  Western  Auto  p/n  H2837  beam-type  torque  wrench  and  Snap-on 

YA290  torque  multiplier 

Test  results: 


run  # 

shim  thickness 

static  torque  dynamic  torque 

1 

.115  inch 

lOft-lbf 

10  ft-lbf 

2 

.104 

160ft-lbf 

160  ft-lbf 

3 

.099 

300  ft-lbf 

280  ft-lbf 

3 

.092 

400  ft-lbf 

370  ft-lbf 

3 

.084 

430  ft-lbf 

415  ft-lbf 

3 

.077 

500  ft-lbf 

470  ft-lbf 

note  that  torque  measurements  are  +/- 10%  due  to  difficulty  in  measuring 
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PROGRAM  OVERVIEW 


The  task  of  the  ElectroMechanical  Battery  System  (EMB)  project  was  to  scale  Rocketdyne’s 
successfully  demonstrated  flywheel  containment  design  to  fit  an  existing  EMB  flywheel,  sized 
for  heavy-duty  Hybrid  Electric  Vehicles  (HEV)  applications  (1  kW-hr),  and  to  verify  the  system 
safely  on  full-sized  development  test  hardware.  The  Rocketdyne  designed  EMB  system  was 
also  to  be  tested  to  obtain  energy  storage  data  and  to  validate  the  operation  of  the  EMB  at 
increments  of  speed  up  to  the  design  speed  of  24,000  rpm.  Failure  testing  of  the  current  EMB 
assembly  was  not  practicable  since  inherent  built-in  system  limits  prevent  exceeding  the  burst 
speed  of  the  current  flywheel  fuse.  Calculations  have  shown  the  burst  speed  (  rim  separation  ) 
should  occur  at  about  49,300  rpm  or  at  a  rim  energy  of  about  3.1  million  ft-lbs.  That  energy  level 
exceeds  the  safe  operating  level  of  the  Rocketdyne  test  facilities,  therefore  an  alternate  approach 
was  suggested  to  CALSTART  and  DARPA  on  October  2,  1996.  The  alternate  approach  was 
subsequently  reviewed  by  DARPA  and  CALSTART  with  verbal  approval  given  by  Mr.  Paul 
Helliker  to  the  Rocketdyne  Project  Office  on/about  October  18,1996. 

The  alternate  testing  approach  included  the  test-to-failure  of  another  flywheel  of  the  same  general 
shape  and  materials  as  the  current  EMB  system  but  having  a  thinner  section  at  the  fuse  point  of 
the  high  stress  area  of  the  rim  such  that  failure  of  the  outer  rim  will  occur  at  28,800  rpm  or  at  a 
factor  of  1.2  over  the  EMB  operating  design  speed  of  24,000  rpm.  The  rim  storage  energy  of  the 
test  flywheel  at  28,800  rpm  was  designed  to  be  the  same  as  for  the  current  EMB  flywheel  at  the 
point  of  rub  with  a  containment  ring  designed  to  slow  down  the  flywheel  during  an  overspeed 
scenario  and  prevent  flywheel  rim  failure. 

PROGRAM  SCHEDULE  AND  LOGIC 

This  12-month  project  began  on  September  3,  1996  and  ended  on  August  1,  1997  with  the 
issuances  of  the  final  report.  Figure  1  presents  the  project  schedule  with  an  outline  of  the  overall 
tasks  and  the  status  of  the  tasks  indicated  by  a  darkened  cross-section.  Figure  2  presents  the 
project’s  process  flow  logic  which  is  a  revision  to  the  original  program  showing  the  discrete  tasks 
to  accomplish  the  goals  of  the  project.  The  difference  between  the  original  program  and  the 
revision  is  that  a  secondary  flywheel  was  used  to  test  the  rim  burst  scenario  with  the  newly 
designed  containment  system.  In  addition,  a  parallel  work  path  is  shown  to  validate  the  current 
Rocketdyne  EMB  both  operationally  and  to  verify  the  electrical  storage  capabilities  of  the 
system. 
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Figure  1  Program  Schedule 
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Not«:  This  revised  plan  was  presented  loDARPA  and  CALSTART  on  10/2/96.  Verbal  Approval  to  proceed  was  given  to  Rocketdyne  by  Mr.  PaulHelliker  on/about  10/18/96 


WORK  ACCOMPLISHED 


An  engineering  Product  and  Process  Plan  of  Action  (PPPOA)  document  was  issued  to  govern  the 
program  operations  and  design  requirements.  The  concept  of  the  flywheel  containment  system 
to  be  tested  in  the  EDL  spin  pit  progressed  to  the  point  that  dimensional  and  failure  dynamic 
analysis  were  completed.  For  the  future  retrofit  containment  design  during  operation  (i.e. 
installed  in  a  commercial  bus  or  vehicle),  the  appropriate  factor  of  safety  will  be  used.  A  meeting 
of  personnel  with  prior  experience  for  this  design  problem  reviewed  the  previous  design  base  and 
analysis  methods  for  the  present  project. 

A  rotordynamics  review  of  the  results  of  the  last  balance  check  made  to  the  current  assembled 
EMB  rotor  system  indicated  that  it  was  balanced  to  the  machine  limits  and  was  cleared  for  nmup 
to  the  design  speed  of  24,000  rpm.  The  calculated  rim  burst  speed  for  the  existing  EMB  system 
flywheel,  using  annealed  titanium  (Ti6AL4V)  properties,  show  the  rim  to  separate  (burst)  at 
about  49,300  rpm  or  at  a  safety  factor  on  energy  of  about  4:1.  At  this  speed  and  rim  weight  (~9 
lbs),  the  kinetic  energy  corresponds  to  about  3,100,000  fit-lbs.  The  Engineering  Development 
Lab  (EDL)  was  assigned  the  task  of  reviewing  the  safety  factor  of  the  assigned  EDL  spin  pit  for 
confirmation  of  its  capability.  The  safety  review  showed  that  the  spin  pit  has  a  safe  energy 
rating  of  2,700,000  ft-lbs.  The  overall  energy  of  just  the  current  designed  EMB  test  flywheel 
assembly  (~100  lbs)  was  too  high  for  safely  testing  at  49,300  rpm  in  the  EDL  spin  pit. 

An  alternate  method  which  still  met  the  project  goals  would  be  to  spin  a  newly  fabricated 
titanium  (Ti6AL4V)  23-inch  diameter  flywheel  with  a  necked  down  thickness  at  the  high  stress 
(fuse)  area  to  burst  or  separate  at  28,800  rpm.  This  burst  speed  is  a  20%  overspeed  fi-om  the 
design  speed  of  24,000  rpm  and  will  nearly  duplicate  the  energy  level  (about  1.2  million  ft-lbs)  of 
the  current  EMB  designed  flywheel  at  the  point  of  rim  rub  with  a  retrofited  containment  ring.  In 
any  follow-on  effort,  the  existing  flywheel  design  would  have  a  containment  ring  sized  for  the  rim 
energy  at  28,800  rpm  with  a  corresponding  gap  between  the  rim  and  containment  ring  to  account 
for  the  growth  and  eventual  rub  of  the  flywheel  to  slow  the  wheel. 

Detailed  design  effort  of  the  attachment  arbors  to  the  test  flywheel  were  made  having  the  same 
fitup  dimensions  as  the  current  EMB,  spin  test  Teflon  motion  limiters  (top  and  bottom)  which 
also  act  as  a  disk  catcher  if  the  drive  air  turbine  to  flywheel  arbor  spindle  breaks  at  the  test 
flywheel  rim  burst.  A  Preliminary  Design  Review  was  held  on  the  concept  design,  rim  burst 
dynamics,  and  structural  analysis  of  the  system.  The  changes  suggested  at  that  meeting  were 
incorporated  into  the  design  effort  of  the  containment  ring  for  tangential  and  radial  impact  forces 
along  with  sizing  of  the  containment  housing  for  the  axial  force  component.  Figure  3  shows  the 
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conceptual  arrangement  of  the  test  flywheel  and  the  containment  ring  and  housing  as  it  would  be 
tested  in  the  EDL  spin  pit. 


Figure  3.  Burst  Test  Flywheel  /  Containment  Assembly 


Sub-contractors  for  the  hardware  fabrication  were  identifled  and  three  separate  outside  sub¬ 
contractors  were  selected  for  raw  material  supply  or  fabrication  processes.  One  material 
supplier,  Hurlen,  located  in  Southern  California,  provided  the  majority  of  the  housings  raw 
material  with  most  of  the  housings  made  fi'om  304L  Cres.  The  only  other  raw  material  ordered 
fi'om  Hurlen  was  the  contaiiunent  ring  material  which  was  Inconel  625.  The  arbor  spin  catehers 
with  Teflon  inserts  were  made  by  Finn  Tool  located  in  Chatsworth,  California.  Hales 
Engineering,  located  in  Camarillo,  California  fabricated  the  majority  of  the  flywheel  containment 
system.  The  actual  test  flywheel  and  arbor  attach  fixtures  were  fabricated  by  Rocketdyne.  The 
arbors  and  flywheel  were  fabricated  from  Titanium  (  Ti6AL4V)  forgings. 

All  sub-components  of  the  containment  system  were  received  in  the  Engineering  Development 
Laboratory  where  some  additional  machining  was  accomplished  to  fit-up  the  entire  assembly 
onto  the  spin  pit  lid.  All  parts  to  be  installed  into  the  spin  pit  and  particularly  those  parts  which 
were  to  be  suspended  from  the  lid  were  weighed.  The  actual  spinning  hardware  (spin  arbors, 
flywheel,  and  fasteners)  weighed  106  lbs  total.  The  containment  assembly  (  mount  assembly, 
upper  and  lower  housings,  containment  ring,  motion  limiters  with  teflon  inserts,  and  fasteners) 
weighed  753  lbs.  The  entire  test  assembly  weighed  859  lbs.  The  spin  pit  lid  was  modified  to 
accept  the  mount  assembly  by  drilling  and  tapping  eight,  3/4  inch  diameter  bolt  holes.  The  final 
listing  of  the  EMB  test  assembly  parts  along  with  the  appropriate  substitute  fasteners  is  shown 
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in  Figiu^  4.  Digital  photography  was  accomplished  to  record  the  system  hardware  design. 
Figures  5  through  11  present  the  EMB  Burst  Test  Hardware  during  the  fit-up  and  installation 
and  prior  to  the  actual  burst  test. 

A  Test  Operational  Readiness  Review  (TORR)  and  Facility  Safety  Briefing  was  held  on  June  9, 
1997.  Specific  areas  addressed  for  the  TORR  were  the  project  background,  design  and  actual 
measurement  information,  test  matrix  and  objectives,  disposition  of  the  hardware  once  the  burst 
test  was  accomplished,  the  actual  test  plan  which  included  instrumentation,  automatic  cutoff 
redlines  (speed)  and  manual  cutoff  bluelines  (spin  turbine  oil  pressure,  arbor  shaft  orbit,  and  spin 
pit  vacuum  level).  No  action  item  issues  were  left  unresolved. 

Preparations  for  the  test  included  installing  4  equally  spaced  tangential  strain  gages  onto  the  outer 
rim  of  the  containment  ring,  a  single  thermocouple  for  monitoring  the  containment  housing  cavity 
temperature  (a  loss  of  vacuum  will  cause  the  temperature  to  rise  due  to  disk  windage  heating), 
and  two  Bently  proximitor  gages  to  monitor  the  rotating  assembly  shaft  orbit. 

The  flywheel  burst  test  was  accomplished  on  6/13/97  at  a  burst  speed  of  22,903  rpm  or  about  20 
percent  lower  than  the  predicted  28,800  rpm.  The  facility  spin  pit  protection  muffled  the  burst 
report  but  shortly  after  the  recorded  audible  report,  the  Bently  traces  vanished  fi-om  the 
oscilloscope  screen  indicating  a  loss  of  the  instruments. 
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Figure  4  Flywheel  Containment  System  Hardware  Listing 
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Figure  6  EMB  Upper  Housing  and  Flywheel  Assembly 
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Figure  7  Spin  Turbine  EMB  Housing  Attachment 


Figure  8  Flywheel  /  Containment  Bushing  Assembly 
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Figure  9  Flywheel  /  Containment  Mount  Assembly 


Figure  10  Flywheel  Containment  Ring 
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Figure  11  Flywheel  /  Arbor  Balancing 


The  Electro  Mechanical  Battery  (EMB)  was  developed  for  a  destructive  burst  test  at  the  EDL 
Canoga  facility.  The  EMB  is  a  titanium  high  speed  rotating  disk  that  uses  angular  momentum  as 
the  storage  mechanism.  The  test  was  a  controlled  rim-fuse  burst  to  demonstrate  the  EMB 
containment  ring  device  developed  by  Rocketdyne.  Several  obvious  preliminary  observations  can 
be  made  after  disassembly  of  the  hotising  assembly  that  contained  the  disk  and  containment  ring. 

The  start  of  the  test  proceeded  very  smoothly  and  at  the  20  rpm/sec  predicted  speed  ramp 
calculation.  The  Bendy  orbit  measured  at  the  spin  arbor  shaft  was  very  smooth  with  only  about 
0.004  inch  orbit  fi-om  1000  rpm  to  the  burst  occurrence  at  22,903  rpm  where  the  Bendy  signals 
were  lost  due  to  both  Bently’s  sensing  tips  being  destroyed  by  contact  by  the  top  arbor  shaft 
after  rim  separation  and  the  attendant  slight  imbalance  of  the  rotor  due  to  separation  of  the  wheel 
outer  rim. 

The  flywheel  containment  housing  assembly  was  removed  from  the  spin  pit  with  no  damage 
noted  to  the  exterior  of  the  containment  housings.  The  lower  Teflon  bushing  was  observed  to 
have  sustained  a  side  load  smoothly  gouging  out  one  quadrant  of  the  Teflon  but  otherwise  intact. 
The  upper  bushing  likewise  showed  the  same  type  of  damage.  The  quill  shaft  was  still  intact 
indicating  that  the  motion  limiter  Teflon  bushings  performed  as  designed.  The  top  and  bottom 
shaft  motion  limiters  ( Teflon ),  Figure  12,  show  the  elliptical  wear  patterns  caused  by  eccentric 
arbor  shaft(s)  motions  at  rim  failure  and  thus  prevented  the  failure  of  the  turbine  quill  shaft  by 
limiting  the  total  shaft  motions  to  less  than  the  turbine  built-in  squeeze  film  damper(s)  limits. 
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The  containment  housing  cavity  air  temperature  between  the  outer  diameter  of  the  containment 
ring  and  the  housing  joints  indicated  a  rise  from  80F  to  480F  within  2  seconds  of  the  burst  speed 
at  19  minutes  into  the  test.  Figure  13  presents  the  entire  spin  up  speed  versus  time  with  the 
sudden  drop  in  speed  being  a  result  of  the  rim  failure.  Figure  14  presents  the  record  of  the 
“south”  location  tangential  strain  gage  ( 1  of  4)  attached  to  the  outer  diameter  of  the  containment 
ring  and  shows  the  impact  of  the  flywheel  rim  at  1.2518  seconds.  Figure  15  presents  a  high 
speed  rendition  of  the  flywheel  speed  versus  time  showing  a  minor  drop  in  speed,  probably  due 
to  rubbing  and  heat  generation  at  about  1,2538  seconds  followed  by  a  noticeable  drop  in  speed  to 
about  22,200  rpm.  It  is  estimated  that  the  time  between  the  impact  incident  and  the  slight  drop 
in  speed  was  0.002  seconds  with  the  flywheel  making  approximately  3/4  of  a  revolution.  The 
remaining  rotor  (Figure  16),  a  weight  of  about  95  lbs,  remained  intact  then  agaom  started 
increasing  in  speed  due  to  the  open  spin  turbine  gas  supply  valve.  The  test  engineer  then  cutoff 
the  test  by  auto  closure  of  the  turbine  spin  gas  supply.  The  rotor  continued  to  spin  freely  after 
cutoff  at  a  slow  free  wheeling  decreasing  speed  of  about  -2.6  rpm/sec,  imtil  the  gas  speed  braking 
action  of  the  spin  turbine  stopped  the  rotor.  If  no  gas  braking  had  been  applied,  it  is  estimated 
that  the  remaining  flywheel  would  have  taken  about  2.5  hours  to  come  to  a  stop  in  the  1 0  ton- 
atmosphere  of  the  spin  pit. 


Figure  12  Teflon  Motion  Limiters  Damage 
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Figure  15  Flywheel  Speed  vs.  Time  at  Failure 

The  initial  effort  to  separate  the  upper  from  lower  containment  housing  was  unsuccessful.  The 
flanges  of  both  housings  were  separated  by  about  0.3  inch,  enough  to  verify  that  the  pilot  fit  was 
disengaged.  The  four  strain  gages  were  visually  intact  on  the  outer  diameter  of  the  containment 
ring,  although  from  the  initial  installed  strain  gage  clocking,  the  containment  ring  apparently 
rotated  about  6  inches  circumferentially.  It  is  likely  that  the  titanium  flywheel  rim  at  separation 
welded  the  containment  ring  ( Inconel  625  )  to  the  upper  and  lower  containment  housings  (304 
CRES  ).  In  order  to  separate  the  two  housings  and  obtain  access  to  the  failure  hardware,  a 
circumferential  cut  was  made  in  the  upper  containment  housing  at  the  area  just  outboard  of  the 
shrapnel  dam  ( Figure  17 ).  Once  that  section  was  removed,  the  flywheel  and  separated  rim  was 
visible.  From  the  post  test  /  teardown  visual  inspections,  the  flywheel  rim  evidently  separated  at 
the  fuse  as  planned  ( Figure  1 8 )  leaving  the  remaining  portion  of  the  flywheel  intact  and  spinning 
freely.  The  remaining  upper  housing  was  then  removed  with  some  axial  force  to  break  the  debris 
weldment.  Figure  19  shows  the  upper  housing  with  the  Inconel  625  containment  ring  still  fused 
to  the  304L  CRES  housing.  A  close-up  photo  of  the  debris  weldment  is  shown  in  Figure  20. 
The  lower  housing  with  the  containment  ring  removed  shows  the  melted  titanium  plasma  in  a 
ribbon  like  debris  field  (  Figure  21  ).  Marks  in  the  pre-test  dye  colored  area  where  the 
containment  ring  was  installed  and  the  location  of  the  strain  gages  with  respect  to  their  installed 
positions  show  that  the  containment  ring  had  rotated  about  6  inches,  probably  during  the 
flywheel  rim  hitting  and  rubbing  the  ring. 
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Figure  16  Flywheel  Minus  Ring 


Figure  17  Upper  Housing  Cutout  to  Access  Flywheel 
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Figure  18  Flywheel  FaUed  Rim 


Figure  19  Upper  Housing  with  Welded  Containment  Ring 


Figure  21  Lower  Containment  Housing  with  Melted  Titanium 

Material 
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The  hub-rim  fracture  zone  is  vary  jagged  and  approximately  a  repeated  45°  saw  tooth.  This 
fracture  would  indicate  a  maximum  shear  in  the  hub  hoop  direction.  The  fracture  surface 
(without  a  detail  metal  fractography)  appears  to  be  without  radial  necking  and/or  classic  cup-cone 
plastic  behavior  that  would  be  expected  for  a  radial  biaxial  overload.  It  would  appear  that  there 
may  have  been  an  early  rim-containment  ring  contact  that  torqued  the  rim  against  the  rotating 
angular  momentum  of  the  hub  and  produced  the  observed  shear  fracture.  Much  of  the  fracture 
surface  was  destroyed  by  secondary  failure  contact  particles  generated  from  the  damaged 
rim-ring. 


Failure  of  the  rim-hub  was  predicted  to  be  under  a  uniform  plastic  strain  in  which  the  ductility 
(true  stain  at  failure)  was  reached.  The  maximum  predicted  disk  speed  was  30.5K  RPM  if 
uniform  uniaxial  strain  was  achieved.  Triaxiality  factors  were  then  used  to  predict  failure  as  the 
uniform  strain  developed  in  the  hub-rim  fuse,  which  tend  to  become  somewhat  more  brittle  and 
reduce  the  predicted  maximum  attainable  speed  to  28.3K  RPM.  The  major  assumption  is  that 
uniform  strain  is  present  in  any  location  360  degrees  aroimd  the  hub-rim  throughout  the  fuse. 
This  assumption  therefore  assumes  the  maximum  strain  energy  that  the  EMB  can  support  under 
a  perfect  plasticity  condition.  A  more  realistic  estimate  would  be  26K  RPM  with  a  little 
stability  in  the  overload  stress  strain  condition.  A  pessimistic  speed  predicted  would  be  at  the 
strain  required  at  the  onset  of  plasticity  21K  RPM.  The  test  failure  was  recorded  at 
approximately  22.9K  RPM.  Due  to  the  Ti6AL4V  flat  stress-strain  curve,  strain  hardening 
effects  as  seen  with  most  metals  was  not  present  in  this  test  and  therefore  the  test  lacked 
stability  from  strain  hardening  that  would  have  made  plasticity  more  uniform.  Nonuniform 
strains  could  have  developed  in  the  fuse  that  would  force  an  out  of  balance  loading  and  a 
premature  contact  with  the  rim-ring.  This  preliminary  observation  would  be  constant  with  the 
true  strains  predicted  at  22.9K  RPM  failure. 

Further  possible  contributory  effects  to  failure  are  creep  in  a  yield  condition  and  triaxial  effects  in 
Ti6A14V.  Titanium  that  is  highly  stressed  (yield  and  above)  may  have  an  accelerated  creep  rate. 
This  would  also  add  the  to  the  instability  and  nonuniform  plasticity.  Also  Ti6AL4V  in  a  multi- 
axial  stress  field  may  have  a  more  severe  effect  on  ductility  then  was  previously  indicated. 

The  estimated  energy  level  at  rim  failure  was  about  750,000  ft-lbs.  No  evidence  of  any  parts 
exiting  the  containment  system  was  observed.  In  fact,  when  access  to  the  entire  containment 
interior  was  attained,  very  little  visual  damage  was  observed  from  the  arbor  centerline  to  flywheel 
separation  plane.  The  minimal  damage  evidence  indicates  that  the  shrapnel  ricochet  dam 
incorporated  into  the  design  performed  as  required. 

During  the  latter  stages  of  testing  in  the  EDL  laboratory  to  burst  the  test  disk,  a  low  level  of 
effort  was  also  accomplished  at  the  CTL-1  test  facility  to  prepare  for  the  testing  of  the  complete 
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EMB  system.  Once  the  data  reduction  was  completed  on  the  failed  test  disk,  the  remaining 
funds  did  not  support  the  task  needed  to  finish  the  installation,  checkout,  and  the  final  data  test 
of  the  EMB  to  the  normal  operating  speed  of  24,000  rpm.  The  project  was  stopped  and  all 
remaining  funding  was  used  in  preparation  of  this  final  report. 
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EXECUTIVE  SUMMARY 


In  this  report,  ECA  provides  the  results  of  its  study,  calculations  and  test  results  for  its 
two-stroke  opposed  piston  engine  and  fuel  injection  system.  This  Executive  Summary 
describes,  by  task,  the  work  that  ECA  performed  and  the  conclusions  reached  under 
Phase  I  of  the  above  -  referenced  this  contract. 

Task  1. 1  Overall  Engine  Design 

Overall  engine  designs  were  produced  for  ECA’s  1.0  liter  opposed  piston  engine  and  the 
0.5  liter  “half-engine”  variant.  These  designs  were  made  in  such  a  manner  as  to  support 
their  use  as  engine  modules  for  the  creation  of  a  family  of  engines  having  multiple 
cylinders  and  multiple  military  and  commercial  applications. 

In  support  of  this  task  and  going  well  beyond  the  Statement  of  Work  and  the 
requirements  of  this  contract,  ECA  fabricated  plastic  1:1  scale  models  of  all  major  engine 
components  -  block,  crankcase,  crankshafts,  connecting  rods,  cylinder  liner,  piston 
crown,  piston  head,  piston  skirt,  and  rotary  valves.  These  components  were  fabricated 
using  state-of-the-art  stereo  lithographic  methods,  which  are  also  described  in  the  body  of 
the  report.  All  of  these  components  were  furnished  to  FEV  in  support  of  their  analytic 
work  and  to  perform  flow  bench  tests  on  these  parts. 

Task  1.2  Engine  Thermal  Cycle  Analysis 

ECA  performed  extensive  calculations  on  the  intrinsic  and  extrinsic  variables  for  the  1.0 
liter  and  0.5  liter  engines.  Detailed  attention  was  paid  to  the  expected  duty  cycle  for  the 
endurance  UAV  (Predator)  application.  ECA  presents  herein  numerous  charts  and  graphs 
summarizing  the  results  of  these  calculations. 

For  a  duty  cycle  typical  of  an  endurance  UAV,  and  in  comparison  to  the  Rotax  912 
engine,  which  is  currently  used  in  the  Predator,  ECA’s  TECE  1.0  engine  can  cruise  at  125 
knots  compared  to  95  knots  for  the  Rotax,  can  reach  a  target  at  500  nautical  miles  in  only 
4.0  hours  compared  to  5.3,  and  can  loiter  over  the  target  for  67.6  hours  compared  to  only 
25.4  for  the  Rotax.  All  other  comparisons  to  existing  engines  favor  the  ECA  design. 

Task  1.3  Coordination  of  the  Analytical  Effort 

ECA  has  provided  FEV  with  all  of  the  information,  drawings,  calculations,  and  parts 
requested  and/or  needed  by  FEV.  The  final  meeting  between  ECA  and  FEV  will  be  held 
on  October  1. 

Task  2. 1  Overall  Fuel  Injection  Design 

ECA  has  completed  the  assembly  and  detailed  design  drawings  for  the  fuel  injection 
system.  This  injection  system  features  the  shortest  possible  injection  time  and  the  highest 
possible  pressure,  to  achieve  the  best  thermal  efficiency  and  lowest  emissions.  The 


system  also  features  electronic  control  of  the  start  and  end  points  of  the  injection, 
providing  complete  flexibility,  and  multiple  pilot  and  main  injections  for  the  achievement 
of  a  lean  homogeneous  mixture  and  minimal  emissions.  Finally,  this  injection  system 
features  a  triangular  injection  profile,  the  pressure  of  which  is  a  direct  function  of  the 
actual  pressure  in  the  cylinder,  thereby  assuring  superior  mixing  and  penetration 
throughout  the  entire  injection  process. 

The  design  of  this  injection  system  is  such  that  no  mechanical  transmission  or  driving 
system  is  needed,  the  energy  not  completely  used  for  the  pressurization  of  the  fuel  is 
returned  to  the  engine  during  the  expansion  stroke,  and  the  injection  tip  design  assures  a 
conical  vortex  injection  spray  to  achieve  a  homogeneous  lean  mixture  for  combustion. 

Going  beyond  the  design  activity  called  for  in  ECA’s  Statement  of  Work,  EGA  has 
actually  built  and  tested  (on  the  injector  test  bench)  the  unit  injector  designed  under  this 
contract.  The  injection  of  fuel,  which  was  demonstrated  in  open  air  where  it  is  visible, 
achieved  a  very  fine  degree  of  atomization. 

Task  2. 2  Fuel  Injection  Options  Assessment 

EGA  evaluated  only  the  highest  technology  fuel  injection  systems  available  on  the  market 
today  -  the  Bosch  Electronically-Gontrolled  Unit  Injector  and  the  Gaterpillar/Navistar 
Hydraulic  Electronic  Unit  Injection  (“HEUI”)  fuel  system. 

The  Bosch  System  is  capable  of  reaching  injection  pressures  of  30,000  psi,  but  even  these 
pressures  may  not  be  high  enough  to  successfully  operate  EGA’s  engine  at  its  peak 
pressure  capability  of  4500  -  5000  psi.  In  addition,  the  Bosch  injector  requires  a 
mechanical  driving  system,  which  would  greatly  complicate  the  engine  design  and  add 
unnecessary  cost.  This  mechanical  system  cannot  feature  the  control  and  flexibility 
offered  by  EGA’s  design. 

The  HEUI  system  is  also  unacceptable,  but  for  different  reasons.  First,  the  pressures 
attainable  with  the  HEUI  system  are  limited  to  approximately  1500  bar,  which  is  even 
less  than  the  Bosch  system  offers.  The  HEUI  system  is  also  subject  to  multiple-chamber 
Helmholtz  pressure  wave  instability. 

However,  the  most  important  deficiency  present  in  the  HEUI  system  is  the  “injection  rate 
trace”,  which  demonstrates  that  the  last  50%  of  the  injection  is  a  slow  decaying  pressure 
drop,  including  a  residual  very  low  pressure  “step”  injection.  This  characteristic 
negatively  affects  fuel  atomization  and  combustion  quality.  At  the  higher  operating 
pressures  of  EGA’s  engine,  these  characteristics  would  be  completely  unacceptable. 

Task  2.3  Coordinated  Fuel  Injection  Review  with  FEV 

This  meeting  will  be  held  on  October  1, 1997. 


TASK  1:  THERKlODT-NAlv'nC  CYCLE  ANALYSIS’ 


TASK  1.1  0\’ERALL  ENGINE  DESIGN. 

ENGINE  CORPORATION  OF  PT^IERICA  ACCOMPLISHED  THE  OBJECTR-ES  OF  THE 
TASKl.l  PRODUCING  THE  0\ER  ALL  DESIGNS  FOR  THE  1.0  LITER  AND  THE  0.5  LITER 
ENGINES,  CONSIDERING  EACH  MONOCYLINDER  THE  MODLEE  MEMBER  OF  A  TR^O 
COMPLETE  FAMILIES  OF  MODULIZED  ENGINES.  WITH  MULTIPLE  CYLINDERS  AND 
MULTIPLE  MILITARY  AND  COMN-IERCIAL  APPLICATIONS. 

THE  0. 5  LITER  ENGINES  .4RE  ABLE  TO  BE  THE  COMMON  BASE  FOR  'RVO  ANE  FOUE. 
STROKE  ENGINES  .RAVING  THE  EXCEPTIONAL  AND  UNIC  CAPABRITY  OF 
CONVERATBILITY  FROM  EACH  OPERATING  REGRIES  AND  CYCLES.  DEPENDING  ON  THE 
VARIABLE  POWER  AND  LOADS  NECESSITIES. 


THERMO  ELECTRIC  TURBO  COMPOLTST) 

THE  BASIC  CONCEPT  OF  THE  THERNIOELECTRIC  TURBO  CONIPOUNE  .ULTRA  HIGH 
PRESSURE ,  ULTRA  HIGH  EFFICIENT,ENGINE  AND  CONCEPT.  C.AP.ABLE  TO  REACH  THE 
ABSOLUTE  MAXIMUM  THERMODmAMIC  EFFICIENCY  IN  THE  FELD  OF  60-80  % 
EFFICIENCY.  ASSOCIATED  WITH  NELTI  FUEL  CAP.ABEITY ,  ULTRA  LOW  EMISSION .  AND 
ULTRA  LOW  SMOKE  AND  INFRA  RED  SIGNATURE  .IS  THE  IDEAL  .ANSWER  TO  THE  DARPA 
/DARO  MISSIONS. 

THE  COMBINED  NflSSIONS  .AND  COKEINED  SPONSORSHIP  OF  DARPA  AND  DARO  IS 
THE  LOGIC  AND  PERFECT  CONTTNLJATION  OF  THE  PREVIOUS  CONTRACT  SPONSORED  BY 
D.ARPA  FOR  THE  HLTRA  HIGH  PRESSURE .  MONOCTLINDER  1.5  LITER  ENGINE .  WHICH 
DEMONSTRATED  THE  HIGHEST  COKTBUSTION  PRESSURE  CAPABILITY  AND 


CORRESPONDEInTLY  the  highest  thermodwamc  efficiency  capability,  in  all 

THE  HISTORY  OF  THERMAL  ENGINES. 

THE  THERMOELECTRIC  COMPOUND  CONCEPT  APPLIED  .AND  ASSOCLATED  WITH  THE 
HIGHEST  PRESSUIRE.  COMBUSTION  CYCLE  ,  SPECIFIC  FOR  THE  DIESEL  CYCLE  IS  THE 
PERFECT  APPLICATION  OF  THE  TOTAL  EXP.AKTSION  RATIO  SPECff  IC  FOR  THE  BRAYTON 
CYCLE. 

THESE  COMBINED  CYCLES  WORKING  AT  THE  HIGHEST  PEACK  PRESSURE  RATIOS 
300/1  -  350/1,  ARE  .ABLE  TO  WORK  AT  THE  HIGHEST  COMPPESSION  RATIOS  OF  30-37 
l\HICH  IS  OBVIOUS  THE.  CONDITION  FOR  THE  HIGHEST  THERMAL  EFFICIENCY 
NHAR/OVER  80%  ,  .AND  /  OR  TO  BE  SUPERCHARGED  AT  UXTRA  HIGH  LEVHL  OF  MORE 
THAN  10  /I  PRESSURE  RATIOS,  WHICH  IS  THE  FUNP)A.VIENT.AL  CONTRITIONS  TO  ACHIEVE 
THE  HIGHEST  POWER  DENSITY,  NE.AR  .^OVER  500  HP  .PITER. 

ULTRA  HIGH  PRESSUTRE  ELECTRO  HYDR.4ULIC  SELF  LNJECTION  SYSTEM 
THE  UPTRA  HIGH  PRESSURE  40,000 -60,000  PSI  ELECTRO  HT'DR.ALPIC  INJECTION 
SYSTEM ,  CAP.ABLE  TO  WORK  ON  THE  SELF  INJECTION  MODE  OR  CO.VIMON  RAIL  MODE 
OF  OPERATION  ,IS  THE  OBVIOUS  .ABSOLUTE  CONDITIO.N  FOR  ACHIEVING  THE  PERFECT 
MATCH  WITH  THE  HIGHEST  COMBUSnON  PRESSURE  C.AP.ABLE  TO  BE  DEVELOPED  IN 
THE  ECA  ENGINES. 

THE  GENERALITY  ANT)  FLEXIBLITY  OF  THE  ECA  ELECTRO  HYDRAYLIC  SELF/  OR 
COMMON  RAIL  OBJECTION  SYSTEM  IS  THE  IMMEDUTE  SPIN-  OF  TECHNOLOGY  READY 
TO  BE  CUSTOMIZED  FOR  LARGE  ANT)  GENTRAL  MARKET  E.XISTING  ENGINES 
APPLICATION. 

THE  xMUPTIPLE  SECVPNTIAL  INJECTION  SYSTEM  ,  CAPABLE  FOR  MUTTIPLE 
PILOT-MAIN  INJECTIONS,  WTTH  ULTRA  HIGH  SPEED  VORTRX  FUPL  SPRAY  ACCELERATION 
IS  THE  FUNDAMENTAL  CONDITION  TO  ACHIEVE  LEAN  AND  ULTRA  LEAN  AUXTURES,  OF 
HOMOGENEOUSE  FINAL  COMBUSTION  ULTRA  CLEAN  COMBUSTION . 


2. 


THE  MULTIPLE  INJECTORS  1, 2, 3, 4,  INTEGRATED  IN  THE  TURBO  COMBUSTION 
CHAlvIBEPv,  ARE  ABLE  TO  GENERATE  A  PERFECT  HOMOGENEOUSE  AIR  /FUEL  MIXTURE 
AND  THE  CLEANEST  COMBUSTION  PROCESS  WITH  ANi’  KIND  OF  LIQUID  FUELS  . 

THE  >/IULTIPLE  INJECTORS  CAN  CONSERV  THE  QUALITY  OF  ATOMIZATION ,  BY 
SECNENTLAL  OPERATIONS  AT  FUEL  AND  P.ART  LOADS  ,  BY  SEIPLE  ACTIVADON  OR 
DESACTIVATION  OF  THE  INJECTORS  FUFJCTION  OF  THE  LO.ADS. 

CONSTANT  PRESSLTIE  COMBUSTION  SYSTEM 

THE  THERMOELECTRIC  COMPOUF®  ECA  ENGINE  CONCEPT,  IS  ABLE  TO  CONSERV  AT 
ALL  LOADS  AND  ROTATIONS  A  CONSTANT  PRESSLEE  SIFER  CHARGDCG  LE\EL , 
RE-ZULTING  A  CONSTANT  PRESSIEE  COMPRESSION  PRESSLEE  AND  AUTOMATIC 
CONSERVATION  OF  THE  COMBUSTION  PRESSURE.  IS  THE-  FlND.ANffiNT.AL  CONDITION  FOR 
CONSTANT  TKERNIAI  EFFICIENCY  AND  BY  DEFINITION  A  CONSTANT  FLAT  SPECIFIC 
FUEL  CONSUNffTION,  IN  ALL  THE  PIUACTIC.AL  FIELD  OF  OPERATIONS. 

TOTAL  LNT.AKE  TOTAL  EXHAUST 

THE  TOTAL  INTAKE  .AND  EXHAUST  CONCEPT  FOR  MAXIMIZ.ATION  OF  THE 
BREATHING  CAPACITY  OF  THE  ENGINE  C.AN  ACHIE\E  AN  ABSOLUTE  XLAXIMUIVI  BY  THE 
EQUALITY  OF  THE  LNTAKE  AREA  WTTH  THE  AREA  OF  THE  PISTION.  THIS  CAPABILITY 
IS  SOLVING  THE  UNDERSAL  PROBLEM  OF  INSUTICIENT  BRE.ATHING  C.AP ABILITY  OF  ALL 
EXISTING  ENGINES.  THE  TOTAL  INTAKE  AND  TOT.Al,  EXHAUST  CONCEPT  IS  USING  THE 
SAME  PORTS  SUCCESSIVELLY  FOR  INTAKE  AND  EXHAUST  WHICH  IS  ELIMINATING  THE 
BIGGEST  BARER  OF  HIGH  THERNIAL  STRESS  FOR  THE  ENGLES  WITH  SEP.ARATE  INTAKE 
.A®  EXHAUST  PORTS  OR  VALVES,  ,AND  IS  ALEVIATING  THE  B.ARER  FOR  ACHEVTNG 
HIGH  AI®  UDTRA  HIGH  SPEED  OF  OPRATIONS. 

BY  THE  INDEPENDENT  ELECTRIC  DREAEN  OF  THE  TURBO  CONEPESSOR  AND  THE 
rNDEPE®ENT  TURBINE  ELECTRIC  TURBO  GENEPJ\TOR  THE  PERFECT  THERNIOELECTRIC 
COMPOUND  CONCEPT  AND  SYSTEM  IS  THE  CONELETE  SOLUTION  AND  GUARANTOR  OF 
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THE  ELIMINATION  OF  FUNDAMENTAL  PROBLEMS  WHICH  SLTFFER  THE  MODERN 

ENGINES. 

ELEVnNATION  OF  THE  “  1X1180  LAG  EFFECT” 

SPECIFICALLY  FOR  MILITARY  ENGINES  THE  INTEIn'S  SMOKE  GENERATION  AT  ALL 
ACCELER.\TIONS  IS  THE  W'ORST  DEFECT  OF  DETECTABILITY,  ANT)  FOR  THE 
COMMERCIAL  ENGINES  BIG  EMISSION  LE'VEL  IN  SPECLAL  IN  LTUBAN  OPERAHONS  OF  THE 
TURBOCHARGED  ENGINES  ,  PLAGUHD  BY  THE  TLTIBO  LAG  EFFECT  (DEFECT) , 
GENHILATING  REACH  MIXTURE  COMBUSTION  IN'  THE  TILIE  OF  “LAG  “  LOW  PRE-SSURE 
SLRERCHARGING  TIME.  IS  THE  CONDITION  OF  NONE  ACCEPEABILITY  OF  DIESEL 
ENGINES,  IN  URBAN  TRANSPORTATION. 

THE  ELILENATION  OF  THE  TURBO  LAG  EFFECT  IS  GIEWG  TO  THE  \ECHICLES  .AN 
INSTANT  ACCELER.ATION  C.AP ABILITY ,  WHICH  IS  .AN  ESSENTIAL  MILIT.AT.ARY  QUALITY 
OF  MANEO\R.ABILITY,  ON  THE  BATTLE  FELD. 

HYERID  PROPIESION  SYSTEM 

FOR  HYBRID  PROPUXSION  SYSTEM  THE  ECA  THERMO  ELECTRIC  CONEOUNT)  SYSTEM 
IS  THE  MOST  EFFICENT  MOD  OF  PROPULSION  BECAUSE  CAN  REDUCE  TO  THE  NnNTNnjM 
LE\EL  THE  BATERY  DEENSIONS  ANT)  FOR  SOLE  .APPLICATION  THE  TOTAL  ELEvIIN.ATION 
OF  THE  BATERES.  .ACTU.ALLY  THE  BATTERY  TECHNOLOGY  IS  THE  BIGGEST  ECONOMC 
EIE-NF/  OF  THE  HYBRID  PROPUXSION  IN  THE  REAL  ECONOMYC  WORLD. 

ZERO  LNERTLA  FORCESS  AND  MOMENTUM ,  PERFECT  BALANCED  ENGLNE 
THE.  OPPOSED  PISTONS  ENGINE  PROVIDED  WITH  TWO  COUNTER  ROT.ATTNG 
NECH.AN1SM,  IS  THE  MATHEMATICAL  PERFECT  BALANCED  NECH.ANISM  FOR 
TRr\NSFOR.VIATION  OF  THE  LINE.AR  PISTON  MOAELTENT  IN  ROTATIONS,  WITH  ZERO 
VIBRATIONS.  FOR  .MILITARY  APPLICATIONS  ON  AIRCRAFT  PROPULSION  AND  SUEMARINE 
.APPLICATIONS  IS  THE  ABSOLUTE  IDEAL  TECHNIC.AL  SOLUTION.  THE  U.AV’’  APPLIC.ATION 


FOR  ULTRA  LIGHT  AIR  \RCfflCLES  THE  ABSENCE  OF  VIBRATION  IS  AN  ESSENTIAL 
INVALUABLE  CARACTERISTIC. 

THE  ELDvIINATIONS  OF  THE  SIDE  FORCESS  BETWEEN  PISTON  AND  CYLINDER  LINER 
AND  THE  ELINIEn^ATION  OR  REDUCTION  OF  THE  GAS  PENETRATIONS  BEHIND  THE  PISTON 
RINGS  .ASSOCIATED  WTTH  THE  ELIMINATIONS  OF  THE  VALAIS  MACHANISM ,  IS  THE 
CRUCIAL  SOLUTION  FOR  ACHIEVTNG  ULTRA  HIGH  PRESSURE  COMBUSTIONS. 

LTLTRA  LIGHT  STRUCTURE 

THE  CORE  STRUCTURE  OF  THE  ECA  ENGINE  ,IS  BASED  ON  A  SANDWICH 
ASSOCIATION  OF  THE  CENTR.AL  CVDEnDER  BLOC ,  SIDED  ON  BOTH  EXTRE-MTIES  BY 
THE  CRANK  CASES  ,  BOLTED  LONGITUDINALLY  FROM  ONE  SDE  TO  THE-  OPPOSITE  SIDE, 
BY  THROUGH  LONG  BOLTS.  THE  ENTIRE  STRUCTURE  IS  ASSAMBLED  PRECOMPRESSED, 
.AI®  RELAXED  WHEN  THE  COMBUSTION  PRESSURE  IS  ACTING  ON  BOTH  AXLAL  SIDE. 

ONLY  THE  LONG  BOLTS  ARE  PERMANENT  STRESSED  AT  THE  NOR.MAL  LEVEL  OF 
CAPABILITY. 

THE  DIRECT  REZUET  IS  THE  LIGHTEST  STRESS  AND  OBVIOUSE  THE  LIGHTEST 
STRUCTURE  OF  THE  ENTIRE  ENGINE,  THIS  IS  APERFECT  STRUCTURE  FOR  -ALL 
\ECHICIE.AR  -APPLICATIONS  ,  -AND  IN  SPECIAL  FOR  AIR  CR-AFT. 

THE  SUTREEME  QUALITY  IS  THE  SURREEME  SIMPLICITY  WITH  THE  LOWEST 
NURBER  OF  P-ARTS  AND  LOVvEST  SPECIFIC  WEIGHT  ( 1  LB  /HP).  THE  FIN.AL  REZUXT  IS  THE 
LOWEST  SPECIFIC  PRICE  PER  HP.  -AND  CORRESPONDENTTLY  THE  LOWEST  LOGISTIC  AND 
MAINT-AINENCE  COST. 


TOT-AL  THERMAL  ENERGY  CYCLE 

THE  THERMAL  ENERGY  GENERATED  IN  THE  ENGINE  CYCLE  IS  DISTRIBUTED  IN 
FOUR  MAJOR  COMPONENTS  ,  EFFECTIVE  ENERGY  AVAILABLE  FOR  PRODUCING 
EFFECTIVE  POWER,  E-XHAUST  ENERGY ,  COOLING  ENERGY ,  AND  MECHANICAL  FRICTION. 


THE  EGA  ULTRA  HIGH  PRESSLTIE  CYCLE ,  THE  THERMOELECTRIC  COMPOUNDING 
SYSTEM ,  AND  THE  GENERAL  REDUCTION  OF  THE  MECKANTCAL  FRICTIONS  BY  THE 
COUNTER  ROTATING  MECHAMSM ,  ARE  COMPOUNDING  THEIR  EFFECTS  FOR 
MAXIMIZATION  OF  THE  EFFECTI\'E  ENERGY  AVAILABLE  FOR  THE  EFFECTTV'E  POWER 

THE  COOLING  ENERGY,  CONVENTIONALLY  ELIMINATED  FROM  THE  CYCLE  BY 
THE  CONV'ENTIONAL  COOLING  SYSTEM  IS  AN  ABSOLUTE  ENERGY  TOTAL  WAIST,  ANT) 
AN  ADDITIONAL  COMPLEXITY ,  WEIGHT,  ANT)  FINALLY  .ADDITIONAL  COST  . 

THE  ECA  TOTAL  THERMAL  CYCLE  IS  ELIMINATING  THE  COOLING  SYSTEM  BY  A 
NEW  CONCEPT  OF  ADIABATIC  REGENERAHON ,  ELIMINATING  THE  MAJOR 
PROBLEMS  ASSOCIATED  WITH  THE  “CONVENHONAL”  .ADIABATIC  CO.NCEPT  OF 
USING  THE  EXOTIC  CERANHC  MATERIALS,  VERY  HIGH  INTER.N.AL  TEMPERATURES, 
SPECLM  OILS  .AND  THE  INFINITE  DIFICULTY  OF  THE  .ASSOCIATION  OF  THE  CERANHC 
THERMAL  BARTERS  ON  MET.ALIC  COMPONENTS. 

THE  COOLING  ENERGY  IS  “SELF  RECOVERED”  IN  A  PROCESS  OF 
REGENERATION  AND  COGENERATION. 

THE  CONCEPT  IS  BASED  ON  A  CONCENTRIC  HE.AT  E.XCH.ANGING  CYLINTiER  LINER, 
DI  PERMANENT  CONTACT  WITH  THE-  W^ORXING  CYLINDER  .AND  THE  ENGINE  CYCLE. 

IN  THE  CONIPRESSION  STROKE  A  SMALL  PORTION  OF  THE  COMPRESSED  AIR  IS 
TR.ANSFERRED  IN  A  CONCENTRIC  lACKET,  IN  WHICH  THE  COMPRESSED  AIR  IS 
.ABSORBING  THE  HEAT  TRANSFERRED  FROM  THE  WORKING  CYLINDER  SPACE. 

IN  THE  E.XP.ANSION  STROKE  THE  HEATED  COMPRESSED  .AIR  IS  RETURNTNG  IN  THE 
WORKING  CYLINDER  ,  PRODUCING  THE  USEFUX  WORK  EQUDCALENT  WITH  THE 
RECOVERED  COOLING  ENDRGY. 

CONTEMPORARY  WITH  THE  FUEL  INJECTION  AND  THE  COMBUSTION  IN  THE 
WORKING  CYLINDER  AT  THE  BOTTO.M  OF  THE  CONCENTRIC  PACKET  IS  INJECTED 
TANGENTIALLY  AQU.'NTITY  OF  HIGH  PRESSURE  PURE  WATER  . 


6 


TfflS  INJECTED  WATER ,  BY  RAPID  PROGRESSING  ,IS  ABSORBING  THE  REST  OF  THE 
COOLING  ENERGY,  AN  BY  TR.ANSFORMATION  IN  A  HIGH  PRESSURE  STEANI  IS  PUSHING 
ALL  THE  COMPRESSED  AIR  BACK  IN  THE  WORKING  CYLINDER. 

FINALLY  THE  HIGH  PRESSURE  STEAiVI  IS  EXPANDED  IN  THE  WORKEsTG  CYLINDER  IN 
A  TIPICAL.  RANKINE  CYCLE,  ASSOCIATED  WITH  THE  INTERNAL  COMBUSTION  CYCLE , 
PRODUCING  AN  INTERNAL  COGENBRATION  TOTAL  EN’ERGY  CYCLE. 

THE  TOTAL  THEKVL4L  CYCLE  IS  THE  SYNERGISTIC  ASSOCIATION  AND  TOTAL 
E.NERGY  INTEGRATION  OF  THE  HIGHEST  PRESSURE  THERMAL  CYCLE,  WITH  A 
WARM  Am  REGENERATION  CICLE,  .AND  A  RANKINE  COGENERATION  CYCLE , 
ACHIEVXNG  A  COMPLETE  ADLAB.ATIC  EFFECT  OF  .AVOIDING  THE  LOST  OF  THE 
COOLING  ENERGY,  ANT)  THE  TOTAL  ELEVILNATION  OF  THE  COOLING  SYSTEM. 
THE  REZULT  IS 

THE  .ABSOLUTE  MAXEvHZATION  OF  THE  THERMODYNANHC  CYCLE. 

ALL  THESE  FE.ATURES  AND  CARACTERISTICS  ARE  INCORPORATED  IN 
THE  ECA  DESIGN. 
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TASK1.2  ENGINE  THERMAL  CYCLE  .ANALYSIS. 


THE  COMBINED  TYPE  OF  APPLICATIONS  AND  NGSSIONS  IN  \\HICH  IS  INTERESTED 
D.‘\RO  .AND  D.ARPA  ANT)  THE  DETERMINATION  OF  THE  COMMON  ENGINTE  TECHNOLOGY 
IS  IMPOSING  A  LARGE  .ANALYSIS  TO  SATISFY  THE  LAND  .ANT)  AIRCRAFT  VECHICULAR 
APPLICATIONS. 

UN^LANED  .4ERLAL  VECHICLE  APPLICATION 

THE  MOST  IMPORTANT  DIFERENTLATION  IS  DETERMINATED  BY  THE  V.ARLATION  OF 
THE  A.NIBIA1\T  CONDITIONS. 

FOR  LAND  APPLIC.ATIONS  THE  CONTHTIONS  .ARE  RELATED  TO  THE  CLINIAT 
V.ARIATIONS  ,  WINTER  SUMMER,  ANT)  SEA  .ANT)  MOUNT.AIN  OPERATIONS  V,TTH  NOT  MORE 
THAN  8000  FT. 

FOR  .AIRCR.AFT  JHE  V.ARLATION  OF  .ANffilANT  CONDITIONS  .ARE  MORE 
DvIPORT.ANT  ,IN  RELATIONS  WITH  THE  ALTITUDE  WHICH  IS  CHANGING  THE  AKffiLANT 
PRESSLTIE  .ANT)  THE  TEMPERATURE  ,ON  A  LAR,GE  SC.ALE. 

TO  CONSERV  THE.  PERFORMANCE  OF  THE  UAV  VECHICLE, FROxM  SEA  LEVEL  TO 
THE  25,000  FT  IS  NECESS.ARY  TO  HAVE  A  VARLABLE  SUPERCHARGING  LEVHL  TO 
MAINT.AIN  .AN  IDEAL  CONST.4x\T  PRESSURE  .ALLONG  .ALL  THE  EVOLUTION  OF  THE 
\RCHICLE. 

FOR  .AlAXIMUM  THEHMAL  EFFICIEIvfCY  IS  OBYTOUS  NECESS.ARY  TO  USE  THE  MAXIMUM 
CO.MPRESSION  RATIO  POSSIBLE ,  WITH  THE  REASON  TO  HAVE  A  CO.NST.4NT 
COMBUSTION  PRESSURE ,  VTDCH  WILL  GU.ARANTY  THE  BEST  CO.NSTA.NT  SPECIFIC 
FUEL  CONSIWTION.  MORE  THAN  THAT,  THE  SPECIFIC  MISSION  OF  THE  UAV 
OPEHATION  .WHICH  INffLY  TO  HAIR  A  GOOD  EFFICIENCY  .AT  MAXIMUM  CRUISE 
OPER-ATION,  BUT  MUCH  BETTER  FURL  CONSUMPTION  AT  PART  LOADS  OF  25-30  %  WHEN 
IS  LOITERING  OVER  THE  TARGET  THE  LONGEST  TINIE  OF  THE  MISSION,  IS  IN  TOTAL 
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CONTRADICTION  WITH  THE  CONV'ENTIONAL  ENGINE  “HOOK  CURVE  “  OF  THE  SPECIFIC 
FL^L  CONSUTvIPTION  IN  RELATION  WTTH  THE  POWER  VARL4TI0NS  FROM  FULL  TO  PART 
LOAD. 

OUTR.  THERMO  ELECTRIC  TUILBOCOMPOUND  ENGEvE  IS  IDEALLY  CONCETV'ED  AND 
STRUCTUTiEDFORA  FLEXIBLE  AND  AUTOMATIC  ADAPTATION  TO  THE  POWHR  SPEED  , 
ALTITUTDE ,  AMBIANT  PRESSURE  AND  TEMPERATURE  ANT)  MISSION  CARACTERISTICS,  BY 
AN  RXTENTiED  CONSERVATION  OF  ALL  THE  BEST  CARACTERISTICS  ANT) 
PERFORMANCES  OF  THE  ENGINE  AND  THE  UAV, 

THE  CHART  1 .  IS  INDICATING  THE  EXTENTION  OF  THE  THERNIODYNAMIC  CYCLE 
ANALYSIS  ,  AInTD  THE  MATRK  OF  THE  PARAMERIC  VARIATION  FOR  THE 
DETERVIINATION  OF  ALL  THE-  POTENTIAL  BEST  REGIMES  . 

FROM  OUR  ANALYSIS  REZUTED: 

1  .  TO  CONSERV  THE  iMAXDvIUFI  COMBUSTION  PRESSLT^  AT  THE  LEVEL  OF  300  BAP. ,  .AT 
.ALL  THE  LOADS  , POWER  VARIATION  ANT)  ENVIRONEMRNT  CONDITIONS. 

2.  TO  CONSERV  THE  MAXIMUNI  COMPRESSION  PRESSURE  EQU.AL  V\TTH  THE 
CO.\IBUSTION  PRESSURE  .AT  THE  LEVEL  OF  300  B.AR,  USING  A  CONIPPESION 
VOLUWIETRIC  RATIO  OF  30.5/1 

3.  TO  CONSERV  THE  INT.AKE  PRESSURE  IN  THE  ENGINE  AT  3  B.AR 

4  TO  CONTROL  THE  INT.AKE  TEMPERATURE  ,  .AND  TO  EXPLOIT  THE  LOWER  .AMBIANT 
TEMPERATURE  FOR  THE  BEST  PERFORMANCES  OF  THE  ENGEsE. 

5.  TO  .ADJUST  THE  SURERCHARGING  LEAEL  CONTENUOUS  IN  REL.ATION  WITH  THE 
.ALTITUDE  ,FOR  CONSERVATION  OF  THE-  INTAKE  PRESSURE. 

SOLUTION  r  TURBO  ELECTRIC  SELF  ADRSTED  VAR.ABLE 
SURERCHARGING  ONE.'  TWD  STAGES  SECVENTIAL  OPERATED  COMPRESSORS. 

ST.ARTING  AT  SEA  LEVEL  WITH  ONE  STAGE  3/1  SURERCHARGING  AND 
INTERCOOLING .  THE  FIRST  STAGE  TIRBO  ELECTRIC  SURERCHARGER  IS  DLING  AND 
BYP.ASSED 
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CLIMBING  TO25,000FT,  GRADU.^VLLY  THE  FIRST  STAGE  ELECTRIC  TURBO 


SUPERCHARGER  IS  COMPENSATING  CONTINUOUSE ,  AND  CORRECTING  THE  ALffiLANT 
DROPING  PRESSURE,  BY  A  V.ARLARIABLE  RiXISING  PRESSURE  RATIOS  ,  TO  MAINTAIN  IN 
THE  SECOND  STAGE  A  CONSTANT  INTAKE  PRESSUR  E ,  AND  CONSECVENTLLY  A 
CONSTANT  INTAKE  3/1  PRESSURE  IN  THE  ENGINE. 

THIS  SOLUTION  IS  POSSIBLE  TO  BE  REALIZED  ONLY  BY  THE  ECA  ELECTRIC 
DRB'EN  TURBO  COMPRESSORS  ,  ASSOCIATED  IN  A  PERMANENT  COMPENSATORY  MODE 
FOR  CONSERVATION  OF  THE  ENGINE  INTAKE  PRESSURE  AND  BY  DEFIMTION  THE 
COMPRESSION  AND  COMBUSTION  PRESSURE. 

CRIUSEMODE,  THE  ENGINE  IS  CONSERVING  THE  POWER  AND  THE  SPECIFIC  FURL 
CONSURIPTION ,  BASED  ON  THE  SAVE  CONSTANT  INTAKE-  PRESSURE ,  CONSTANT 
COVERESION  AND  COMBUSTION  PRESSURE,  HA\HNG  AVAILABLE  260  HP  AT  THE  REGIVE 
OF  LLAXIVEM  AIR  FUEL  R.ATIO  AT  1 .95,  AND  4500  RPM ,  FOR  MAXIV'IUM  POWER,  WITH  A 
CONSTANT  THER-VL4L  EFFICIENCY  OVER  65%  AND  A  SPECEIC  FUEL  CONSURETION  OF 
95  GRHP  AND  HOUR=  0.21  LB.HP.HOUR .  THE  INDICATED  VOSSION  IS  USING  ONELY  125  HP 
AT  4.5  .Am  FUEL  RATIO,  WITH  A  THERiVLAL  EFFICIENCY  OF  78-80  %  ANE)  A  SPECEIC  FIEL 
CONSURETION  REDUCED  .AT  APROX  80  GR/HP  AND  HOUR=  0.176  LB  /HP.HOUR. 

T.ARGET  LOITERLN-G  ,  WITH  25%  POWER  ,  HAVING  .AV.AE.ABLE  105  HP ,  BUT  USING 
ONEY  30  HP ,  THE  Am  FUEL  RATIO  IS  ADEuSTED  TO  5.5-6. 5  ,  ACHIE\TNG  A  THERMAL 
EFFICIENCY  OF  83-  87%  .AND  A  SPECEIC  FLEL  CONSURETION  OF  75  GR/HP.HOUR=  0.165 
LB/HP.  HOUR. 

.ALL  THESE  DATA  ARE  CALCUEATEDWTTH  A  POTENTIAL  V.ARLATIONS  OF  5%,  AND 
SUBECT  TO  CONFmVIATION  BASED  ON  A  SPECIAL  OPTEvIIZ.ATION  RESE.ARCH  PROGRAM 
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HIBRID  ELECRTRIC\TECHICLES.4PPLICATI0NS 


THE  LAND  VECHICLE  .APPLICATIONS  CAN  BE  SATISFIED  MTHALARGE 
FAIvCLY  OF  .ALTERNATI'VES  ,  HAVING  A  CONDION  PHISICAL  STRUCTURE 
DIFERENTLATED  ON  PARTICULAR  .APPLICATIONS  .  POWER  DENSITY ,  ROTATION  LEVEL 
AND  P.ARARffiTRIC  CARACTERISTICS. 

THE  BASIC  ENGINE  WILL  BE  STRUCTURED  TO  BE  ABLE  TO  WDRK  AT  300  -  350  BAR 
PEACK  COMBUSTION  PRESSURE.  THIS  PRESSLlRE  UTLL  BE  THE  REZULT  OF  THE  MUXTIPLE 
COMBIN.ATIONS  OF  COMPRESSION  RATIO  AND  SUPERCHARGING  LEVEL, AND  AIP.  /FUHL 
RATIOS  CONTAINED  IN  THE  CHARTS  1- — 8. 

FOR  E.ACH  COMPRESSION  RATIO  WILL  CORRESPOND  A  P.ARTICUXAR 
SUPERCRARGING  LE\/EL,  REZULTING  THE  SAME  MAXIM  PEACK  COMBUSTION  PRESSURE 
OF  300  -  350  BARR  NOMINAL  FIELD  OF  CONfflUSTION  VARIATIONS. 

THE.  BASIC  CONCEPT  OF  LOAD  VARIATIONS  FROM  FUXL  LO.AD  TO  P.ART  LOADS 
IS  ACCONIPLISHED  BY  DIFFERENT  .AIRTLiEL  RATIOS,  AND  CONSTANT  SUPERCHARGING 
,CONST.ANT  COMPRESSION  PRESSURE  AND  CONST.ANT  COMBUSTION  PRESSLiRE.  ALL  OF 
THE.SE  WILL  GUARANTEE  THE  BEST  THERMAL  EFFICIENCY^  EARN  BETTER  TH.AN  .AT 
FULL  LO.AD  AND  THE  BEST  LOWEST  SPECIFIC  FUXL  CONSUXIPTION  .AT  .ALL  LO.ADS  . 

THE  TLXBO  ELECTRIC  SUPERCHARGING  HAVING  3,/l  PRESSURE  RATIO  IN  FIRST 
STAGE  CORRESPONDING  TO  A  COMPRESSION  RATIO  OF  30.5.''I  CAN  BE  PRPORHONALLY 
ADRISTED  AT  13.5  /I  .AT  THE  SUPERCHARGING  LEVXL  OF  9/1  PRESSURE  RATIO,  IN  TWO 
STA.GES. 

WITH  THIS  WTOE  FIELD  OF  PARAMETRIC  VARIATIONS  A 
UNIC  FAMILY  OF  ENGINES  WILL  COVXR  : 

BMEP=  10—26—50  KG/CM2 

LITRIC  POWER  HP-X  =  100— 260— 500  HP/X  .AT  4500— 5500  RPM 


THERF/LAL  EFFICIENCY  NX  =  60 - 80% 


TfflS  MODULIZED  FAMILY  OF  ENGINES  CANCO\^R  WTHONE  SET  OF 
COMMON  PARTS  A  FELD  OF  PO\\’ER 

100 - 1500 - 3000  HP 

U-TTH  MODULES  OF  1 - 2 - 3 - 6  CYLINDERS 

SATISFYING  ALL  THE  MILITARY  ANTD  COMMERCIAL  APPLICATIONS 
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EFFECT  OF  ENGINE  SELECTION  ON  TYPICAL  ENDURANCE  UAV 

(PREDATOR)  PERFORMANCE 
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COMPARISON  OF  ENGINE  TECHNICAL  CHARACTERISTICS 
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endurance. 

ECA  TECE  IHcl'  H3/0.295  0.245  70/0.298  168  Similar  weight  to  Rofai,  but  twice  2Sk 


combustion  U  poi?er  and  {'ond  cruise  speed.  Part 

pressure,  power  SPC  less  than  half,  Endurance 

cornped,  increased  bv  166%.  Moderate  Iccbnical 

risk. 
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COMPARISON  OF  ENGINE  TECHNICAL  CHARACTERISTICS 
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ADDITIONAL  FACTORS:  IMPACT  OF  REALISTIC  WEIGHT  &  BALANCE 
CONSIDERATIONS  ON  PREDATOR  PERFORMANCE 
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ADDITIOMAL  FACTORS:  IMPACT  OF  INCREASING  TAKE  OFF  GROSS 

WEIGHT  ON  PREDATOR  PERFORMANCE 
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TASK  2:  FUEL  INJECTOR  PERFORMANCE  AND  OPTIONS  ANALYSIS 


TASK  2. 1  OVERALL  ECA  FUEL  INJECTOR  DESIGNS, 

BASIC  CRTTERIAS. 

1.  THE  MOST  INTPORTANT  AND  FUND ANffiNT.AL  CRITERIA  FOR  THE  QU.UITY  OF  THE 
INJECTION  SYSTEM  IS  THE  HIGHEST  PRESSURE  POSSIBLE  TO  BE  ACHIE\'ED  FOR  THE 
HIGHEST  QUALITY  OF  FUEL  ATOMIZATIONS,  FOR  ALL  EXISTING  ENGINES  AND  IN 
SPECLAL  FOR  THE  ULTRA  HIGHPRESSITIE  THERMOELECTRIC  ECA  ENGINES. 

2. THE  SHORTEST  INJECTION  TIME  CAN  PROVIDE  THE  BEST  CONTROL  OF  THE 
COMBUSTION  PROCESS,  CONCENTRATED  .AROUiGD  THE  TOP  DEAD  CENTER,  PRODUCING 
THE  HIGHEST  THERMAL  EFFICJENCY. 

3.  THE  TOTAL  CONTROL  FOR  THE  MOMEIST  OF  STARTING  AND  THE  END  OF 
INJECTION,  PROMDE  A  TOTAL  OPTIR-IIZATION  CAPABILITY  OF  THE  CYCLE  IN  RELATION 
WITH  THE  LOAD  .AND  ROT.ATION 

4  .XaXTIPLE  PILOT  AND  MAIN  INJECTIO.NS,  FOR  NOX,  PARTICULATE  AND  NOISE 
REDUCTION,  PRODUCING  THE  START  OF  INJECTION  WITH  A  SMALL  AMOUNT  OF  FUEL 
INTO  THE  COMBUSTION  CHAMBER  IN  A  SPLIT  SECONT)  BEFORE  THE  MAIN  INJECTION. 
THIS  PRIMING  FUBL  STARTS  THE  IGNITION  AND  THE  MAIN  FUBL  INJECTION  CAN  BE 
BLTRNEDWTTHOUTIGMTION  DELAY.  THESE  SECVENTIONAL  EARLY  MLLTPLE 
INJECTIONS  CAN  PREPARE  MANY  STAGES  OF  PRE  MIXINGS ,  GENERATING  A 
PROGRESSIVE  HOMOGENEOUSE  LEAN  MKTLJRE  . 


5  A  SELF  INJECTION  TRIANGULAR  SHAPE  OF  INJECHON  PRESSURE  EVOLUTION, 
PROPORTIONAL  WITH  AND  CONTEMPORARY  PRESSURE  COMBUSTION  EVOLUTION,  IS 

THE  MAJOR  FACTOR  FOR  ABSOLUTE  OPTI^■^ZATION  AND  CONTROL  OF  THE  QUALITY  OF 
THE  COMBUSTION  PROCESS  FROM  THE  BEGINNING  TO  THE  ENT),  CONSERWG  THE 
QUALITY  OF  ATOMIZATION  ALONG  OF  THE  ENTIRE  COMBUSTION  PROCESS,  BY 
CONSERVING  THE  PRESSURE  RATIO  BETWEEN  INJECTION  PRESSLiRE  ANT)  COMBUSTION 
PRESSURE. 

6. LWVERSAL  AD.APTABILITY  TO  ANY  ENGINES  NEW  ,AND  EXISTENT  ON  THE  AFTER 
MARKET,  WITHOUT  ,AN\'  OR  MAJOR  MODIFICATIONS,  CAP.ABLE  TO  OPERATE  ON  COMMON 
RAIL  OR  SELF  INJECTION  CONCEPT. 

7. COMPLETELY  FREE  OF  ANY  AND  ALL  MECHANICAL  TRANSMITIONS  ORDRRTNG 
SYSTEMS,  AND  ELIMLNATLNG  ANY  .AND  ALL-TORSIONAL  VIBRATIONS. 

8. THE  SELF  LNJECTION  AND  REGENERATIVTE  INJECTION  E.NERGY  CAP.ABILITY,  IS  A 
MAJOR  SOURCE  FOR  ELIMLNATION  OF  THE  POVVTR  LOSES  .ASSOCLATED  WITH  THE 
CO.NVRNTIONAL  LNJECTION  SYSTEMS,  TIPIC.AL  WITH  THE  COMMON  RAIL  CONCEPT 
,INCLIT)ING  WITH  THE  ELECTRO  HAHRAULIC  (KELT -C.ATERPILAR  .A.ND  NAVISTAR 
LNJECTION  SYSTEM). 

9. LXTRA  HIGH  FUEL  ATOVnZATION  “CONICAL  VORTEX  INJECTION  SPRAY”  FOR 
ABSOLUTE  HOMOGENEOUS  LEAN  MIXIURE  FORMAHON. 

.ALL  THESE  CRTTERUS  ARE  THE  CRARACTERISHCS  OF  THE 
ECA  ELECTRO  HYDRALXIC  SELF  /COMMON  RAIL 


INJECTION  SYSTEM. 


PARAMETRIC  DATA  FOR  THE  ELECTRO  HYDR.4ULIC 


ECA  SELF  INJECnON  (COMMON  RAIL)  SYSTEM 

ELECTRO  HYDRALTLIC  SELF-(  COMMON  RAIL)  INJECTION  SYSTEM  FOR  MONO 
C YLLNDER  TEST  RIG  (MTR)  1.  5  LITER/CYLINDER  ^ND  FOR  DARO  /DARPA  UAV  AND 
HEV  APPLICATIONS  1.0  LITER  ENGINES. 

A.  MAXIMUM  FUEL  CAPACITY  PER  STROKE  =  384  mm  3 

B.  PLUNGER  BORE  =7  mm 

C.  PLUNGER  STROKE  =  10mm 

D.  BOOSTER  BORE  =25  mm 

E.  PRESSURE  AiMPLIFIC.4TION  RATIO  =  12.75 

F.  NOMINAL  RATED  IN.JECTION  PRESSLTiE  =  3826  -  4500  BAR 

G.  FOR  300  -  350  BARR  CONffiUSTION  PRESSURE 

H.  AVERAGE  SPECIFIC  FLTEL  CONSUMPTION: 

I.  .4SSUMEED  (CONSERVATDTE)  ge  =  0. 245  Ib/HP.  HOLT?  =1 1 1  gr/HP.HOUR 

J.  CALCULATED  ge  =  0.22  lb/  HP.HOUR=  103  gr/HP.HOUR 

K.  FUEL  DELDTRY/HOUR  / 1000  RPM  =19. 353  KG/HOUR 

L.  EQUI\'ALENT  FUEL  POWT:R/1000  RPM  =19.353/0.111  =174.  HP 


M. 

FUEL  PO\\'ER/2000  RPM 

348  HP 

N. 

FLT:L  POWER  /3000  RPM 

522  HP 

0. 

FUEL  POWER/  4500  RPM 

784  HP 

P  »  RATED  POWER  FOR  THE  MTR  .4T  9  B.4R  SUPERCHARGING  AND  a  =  1. 95 
.4IR/FUEL  RATIO 

BMEP  =50KG/CM2  =  735PSI 

LITRIC  POWER  =  500  HP/  LITER  AT  4500  RP 

1 . 5  LITERS  EFFECTIVE  POWER  =750  HP  AT  4500  RPM 
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S »  TWO  ELECTRO  HYDRAULIC  SELF  ( COMMON  RAIL)  INJECTION  UNIT  PUMPS  WILL 
DELIVER  FUEL  POWER  EQUIVALENT  2X  784  HP  =  1568  HP ,  ACTIVATING  FOUH 
INJECTORS.  FOR  AIR  CRAFT  AND  MILITARY  APPLICATIONS  AREDUINDANT  FUEL 
SUPLBIENTARY  CAPABILITY  IS  A  MATER  OF  SECLTUTY  ANT)  SURVTV'ABILITY. 

WITH  ONE  SINGLE  ELECTRO  mDRAUTIC  PLW  THE  ENGINE  CAN  PREZERV 
THE  FULL  POWER. 

1.0  LITER  DARO/DARPA  UAV-HEV  ENGBVE  USING  THE  SAME  ONE  ELECTRO 
H\DRAULIC  PU'MP^V1LL  USE  ONLY  lllHP/1000  RPM  FROM  THE  TOTAL  174HP  FUEL 
AVAILABILITY  (63%).  THIS  POWER/FUEL  .4VArLABILITY  WILL  BE  TRIPLED  AT  PART 
L0.4DS  OF  30  HP  ON  LOITER  REGIME,  AND  CORESPONDENTLY  LONGER  RANGE  OR 


LONGER  TIME. 


SELF  OPTIMIZED  INJECTION  SYSTEM,  FOR  UNR^RSAL  MUIL^Y  AInT)  COMMERCIAL 
ENGINES. 

BACKGROUND. 

ENGINE  CORPOR.ATION  OF  AMERICA ,  CONC.ER'ED  .ANID  DEA'ELOPED  DI  THE  HAST  6 
YE.ARS  ,  A  FUNT).A>vlEI-?TAL  NEW  FUEL  SYSTEM  TECHNOLOGY ,  OBJECT  OF  MUETIPLE 
PATENTED  ,AND  PATEIn'T  PENTDING  INDENTIONS  ,  WHICH  CAN  PRODUCE  A  .MAJOR  DvIPACT 
ON  ALL  RESTING  AND  NEW  ENGINES.  WITH  FU>ND.A.\ffiNT.AL  IMPROVENIETE  OF  THE 
EXnSSION  REDUCTION  AND  FUEL  CONSUNffTICN. 

THE  INVENTIONS  RELATES  TO  ANEW  SELF  OPTIMIZED  INECHON  SYSTEMS, 
C.APABLETOBE  TOTAX  FLEXIBLE  FOR  PERiMAZ-ENH  OPTRXZATION  OF  .ALL  THE 
INECTION  P.AR.ANETERS  ,  DI  .ACTUAL  RE.AL  TEvE  V.ARIAHON  OF  THE  ENGINE  P.AR.AMETERS 
OF  LO.AD .  ROTATION  .E.MSSION .  THIS  FLEXIBILITY  SHOULD  INCLUDE  OPER-ATION  .AT 
VERY  HIGH  INECTION  PRESSURE  WTTH  PRO.PORTION.AL  CC-LvIROL  OF  H4E  D-rECHON 
PRESS  LEE  WTTH  THE  EvTERIsLAL  PRESSURE  OF  THE  THERNlAL  CYCLE 

.AN  ELECTRONIC  CONTR.OL  OF  .ALL  THE  P.AR.AMIETERS  OY  THE  E:.ECnON . 
INDEPENDENT  OF  THE  ENGE\E  SPEED,  BUT  CONTINTjOirS  CORREL.ATED  BASED  OF  .AN 
OPTLVnZED  PROGR.AM  ,.AND  THE  TOT.AL  ELLMLXATION  OF  A.XY  iMECHA.NIC.AL  DRIVING 
SYSTEM. 

THE  B.ASIC  REQUTREIs'IENH  OF  ANT  EsJECTION  SYSTELl  IS  TO  CO.NSERVT.  THE  BEST 
PROPORTIONAL  RELATION  BETWEEN  THE  PRESSURE  OF  THE  FUEL  LN.JECTION  .A.ND 
THE  COUNTER  PRESSLHE  OF  THE  CO.MPRESSED  AIR  .AND  THE  COMBUSHON 
PRESSURE  LN  CO.NTLNUES  VARIATION . 

BYDEFINTHON  A  VERY  fHOH  PRESSURE  "  PROPORTION.AL  DIFFERENCE 
CONSERVED  .ALONG  .ALL  THE  LNJECITON  TEME  SLVRTING  WITH  THE  COMPRESSION 
PRESSURE  .AT  THE  BEGBNNTNG  OF  THE  INJECHON ,  AND  FOLLOWED  BY  THE  EVOLUTION 
OF  THE  COMBUSTION  PRESSURE'.,  IS  A  CRITICAL  CONDTHON  OF  OPTDflZAHON  AND 


CONSERVATION  OF  THE  ATOMIZATION  OF  THE  FUEL  SPR.AY,  PERALiNElHLY  AND  AT  .ALL 
CONDHIONS. 

BY  DEFINITION  THE  LOAD  ,  THE  SPEED .  THE  AIR.  PRESSURE  FUNCHON  OF  THE 
V.ARIABLE  SUPERCHARGING  LE\EL  IS  A  PERLIAnENT  V.ARIABLE  CONDITION  \\HICH  CAN 
HAVEAFUNDAIvIENTAL  D1FLUENCE,0NTHE  ■■  INTEKNUAL EN^.'IRONEvIENT'' existeint in 
THE  CAXINDER  IN  THE  TIME  OF  INJECHON. 

NONE  OF  THESE  CHARACTERISTICS  C.AT  BE  ACOMPLISHED  BY  THE  ACTUAL 
CONVENTIONAL  INJECTION  SYSTEMS,  WHICH  SUFFER  BY  THEIR  USE  OF  "FIXED 
GEOLIETRY  "MECHAFECAL  DRI\E  SYSTEM.  HENCE ,  THE.  INJECHON  PRESSURE  ,  MOMENT 
OF  INJECTION, SPEED  OF  INJECTION,  .AND  ENT)  OF  INJECTION,  ARE  NOT  RELATED 
DIRECTLY  TO  THE  ACTUAL  EVOLUTION  OF  THE  PRESSURE  IN  THE  COMPRESSION  AND 
THE  COMBUSTION  CYCLE  WTTK  TOT.AL  DEPENDENCY ,  OF  THE  C.AM  PROFILE,  THE. 
EUIECTION  PROCESS  IS  THE  REZTHT  OF  THE  LDIITAHON  OF  THE  NIECHANTCAL  DRIUIND 
SYSTEM ,  AND  IS  A  COMPROMSE  BEDAEEN  MECHANICAL  STRESS  ,  DTNAMIC.AL-  AND 
KEnEMATIC  LILETAHONS  .and  THER.MOD\NANnC  NECESSITIES. 


THE  MOST  EVIPORT.AN’T  FUNDAMENTAL  LNFERIORIT  Y  OF  ALL  THE 
CO.NTENTION.4L  LNJECTION  SYSTEMS  IS  THE  LO\V  LEVEL  OF  INJECTIO.N  PRESSURES 
,  -AND  THE  EJCAPACITY  TO  .ACHIEVE  HIGH  ENGEsE  ROTATIONS,  AND  SHORT  INJECHON 
DERATIONS. 

THE  MECH.AMCAL  COiW'ENTION.AL  LNJECTION  SYSTEMS  iARE  THE  MOST 
EXPENSIVE  COMPONENTS  OF  THE  ACTUAL  CONVENTIONAL  DESEL  ENGINES  AND 
RESPONSIBLE  OF  MORE  TRAN  30%  ,  OF  THE  TOTAL  COST  OF  THE  E.NGLNE. 


L 


Xi 


SU]M1\L4RY  OF  THE  PROJECT. 


THE  NEW  TECHNOLOGY  IS  PRODUCING  AN  INJECTION  SYSTEM  IN  PERMANENT 
SELF  OPTIMIZATION  OF  THE  INJECTION  PROCE.SS  CORRELATED  \MTH  THE  ACTUAL 
THERMAL  CYCLE  EVOLUTION. 

THE  PROJECT  IS  CHARACTERIZED  BY  THE  FOLLO\^TI'IG  MAINFEATLEES: 
AERY  HIGH  PROPORTIONAL  INJECTION  PRESSLIRE  ,  WHICH  IS 
CONSERATNG  A  FIX  HATE  OF  AMPLIFICATION  (  10-15  ;  TIMES  THE  ACTUAL 
P.RESSLJRE  E-XI3TING  IN  THE  CYLINTJER  (COMPRESSION  AND  COMBUSHON 
■•‘ALONG  OF  .ALL  THE  INJECnON  TEvIFCAND  CONSERVING  En"  THIS  WAY  THE 
BEST  COMDITION  FOR  T.HE  HIGHEST  QUALHY  OF  THE  FLEL  ATONGZATION. 

MAXEvnZING  ANT)  CONSERATNG  OF  THE  FIEL  SPRAY  MIXING  ENERGY 
BY  A“P.AFLAIXEL  TRIANGLT.AR  AND  PROPORTIOKAL  FLEL  DIJECTION  RATE” 

NIEsTMIZING  THE  FLEL INECTED  DI  TIE  “IGNTnON  DELAY  HNffi  “  BY  THE 
BEGINYUNG  TRLANGLiL.AR  INECTION R/ATE , .ANT)/OR  BYA”SPLIT 
IN.ECTIO.N-\  ASSOCIATED  WITH  VERY  HIGH  DIJECTION  PRESSURE  HATE  OF 
AA'IPLFICATION ,  C.AN  REDUCE  DRAMAHC  ALLY  THE-  TOTAL  INJECTION  TIME. 

THE  COMBINATION  OF  REDUCED  INECTION  DURATION  AND  ENH.ANCED 
ATRFIEL  MIXING ,  MAKES  H  POSSIBLE  TO  RETARD  IN.ECHON  TIMING 
SEAERAL  CR.ANK  DEGREES, PARTICLTARLY  AT  HIGH  LOAD  CONEIHONS, 

/ALLOWS  .AN  RffORTANT  REDUCTION  OF  NOX  AND  SOOT  EMISSION. 


ALL  OF  THESE  COMBINED  F.ACTORS  .ARE  PERA/UTTING  TO  MAXIV'JIZE  THE 
FUEL  QUANTITY  INJECTED,  MIXED  Al'ID  BURNED .  DI  THE  SHORTEST 
.ANGULAR  TINE  NE.AR  THE  TOP  DEAD  CENTER ,  RESLT.TING  MAXIKILM 
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'IC?I  OF  AHERICA  PROPRiETARY  RIGHTS 
THE  INFCRMATICN  OiSCLCSFO  HERERI. 
ICHMFNT  MOR  THE  INFC'.VATIOM  D!S- 
■■'''.L  HE  REPrtCCUCEO  OR  T-"^  ■■'S'ETRED 
m  r  USED  OR  DISCI.CFFO  '’'^he’S 

yf>  ron  (|r.|Y  QJjjFS  pij'pf'"  ■  'FT 


SELF  INJECTION  SEQVENTIAL 
MULTIPLE  INJECTION  AND 
TURBO  COMBUSTION 
FIGURE  A 
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THERA'IAL  EPHCIFNCY  AND  MINMUI^I  SPECIFIC  FUEL  CONSUL/IPnON, 
WTIHOUT  TO  COMPROMISE  THE  QUALITY  OF  COMBLTSTION  AND  EMISSION. 


DnTDEPENDENT  INJECnON  TIMING  CONTROL ,  OF  BOIH  SPEED  AND  LOAD 
BUT  IN  DIRECT  -‘ACTUAL  RELAHON  UTTH  THE  PRESSURE  EVOLUTION  DT 
THE  COMPRESSION  AND  COMBUSTION  TIME" ,  IS  THE  CONDHTON  TO 
CONSERVE  THE  BEST  OPTIMIZED  “roEAL”  THERMODYNANHC  CYCLE 
IN  .ALL  THE  FIELD  OF  PRACTICAL  OPERAHON. 

ELECTRONICALLY  CONTROLLED  -‘SPLIT  ML’LITPLE  INJECnONS".  IS 
REDUCING  THE  PARTICULATES  ATHD  THE  NOX  EMISSION ,  BY  GENERATING 
A  “HOMOGENEOUS  MIXTURE  WHICH  IS  PROMOTING  A  BETTER  FUEL 
KIIXTIRE  DIFFUSING  AJnT)  ELIMINATING  THE  “HOT  ISMAIsIDS",  WHICH  IS  THE 
SPECIFIC  PHASONS  OF  lEGH  TEMPERATIRE  LOCAL  CONCENHRAHOK 
PRODUCING  THE  NOX  ENESSION,  PARHCUL.ATES  AND  NOISE. 

ELECTRONIC.ALLY  CONTROLLED  “TRIANGULAR  INJECTION  IS  THE  IDEAL 
WAY  TO  OBTAIN  MCnIMUM  CONTROLLABLE  FLEL  DELRERY”, IMPROVING 
THE  BR.AKE  SPECIFIC  FLEL  CONSLE-IPHON  ELDvlIN.ATrNG  THE  “DIESEL 
KNOCK'  NOISE,  AInD  ENflSSION. 

SHARP  CLH-  OF  THE  INJECTION  AT  THE  END  OF  THE  MAXIMLtM  PRESSURE 
IS  MAINTAINING  \TGOROUS  AIR/ FUEL  MIXING  .AS  FAR  INTO  THE 
COMBUSTION  PERIOD,  WITHOUT  THE  SPECIFIC  DECAY  OF  PRESSURE , 

CHAR.ACTERISTIC  WITH  ACTUAL  CONVENTIONAL  INJECnON  SYSTEMS. 

OUR  SYSTEMIS  PERMITTING  TO  CLOSE  THE  INJECTOR ,  ALWAYS  AT  A 

V.'  I 

:  -  i 


HGHER  PRESSliRE  THAN  EXISTING  IN  THE  COMBUSTION  CHAAffiER  3Y 
THE  NATURAL  INJECTION/  COMBUSTION  PRESSL^RE  AMPLFICATION , 
ELIN'IINATING  THE  DANGER  OF  "  INGESTING  “OF  COMBUSTED  GASES  IN 
THE  INJECTOR. 

THE  SELF  INJECTION'  SYSTEM  IS  ELIMINATING  COMPLETELY  ANY 
MECHAMC.AL  ACTUATING  AND  DRIVING  MECHANISMS  WITH  CAMSHAFTS, 
PUSHERS  .ROCKERS ,  GEARS  ETC..  AND  IS  RECOVEPJNG  ALL  THE 
MAJORITY  OF  THE  INJECTION  ENERGY ,  DIRECTLY  BACK  IN  THE 
COMBUSTION  CHAMBER ,  IN  THE  EXPANSION  TIME,  WITH  MAXIN'IUM 
EFFICIENCY.  THIS  IS  A  MAJOR  OBST.ACLE  ELINIINATION  WHICH 
PREAENTED  .CONVENTIONAL  INJECTION  SYSTEMS  TO  PRODUCE  HIGH 
DHECTION  PRESSURE. 

THE  SELF  INJECTION  SYSTEM ,  OF  EACH  CYLINDER ,  IS  A  SELF 
DIAGNOSTIC  SYSTEM ,  AND  IS  IN  PER.M'^NENT  SELF  .ADJUSTING  En 
RELAUON  WTTH  THE  OPTm'HZADON  PROGRAM ,  MEMORIZED  IN  THE 
ELECTRONIC  CONTROL  MODIEE  (ECM) ,  Es’  PERMANDNH  COMPARISON 
WITH  THE  OTHER  CYLINDERS,  FOR  MULTI  CYLINDER  ENGEsD. 


THE  SYSTEM  IS  CONDUCTING  A  PERMAN’EI^^r  REALIGNING  AND 
UNTFORMIZATION  OF  THE  ENTIRE  ENGINE  DJ  REAL  ACTU.AL  TIME.  OR 
PRODUCING  A  WARNING  SIGKAL  ff  THE  CYEINDERS  ARE  OUT  OF 
EQUAL  .ACTIONS. 

THE  ESSENTIAL  CHARACTERISTIC  OF  THE  NEW'  SELF  INJECTION  SYSTEM  IS 
THE  UNIVERSAL  APPLICABILITY  TO  ANY  AND  ALL  CATEGORIES  OF  ENGINES  Y 


EXISTING  ON  THE  HUGE  AFTER  MARKET ,  ON  THE  LINE  OF  ACTUAL  FABRICATIONS ' 


AND  TO  ANY  NEW  ADVANCED  ENGINES,  WirHOLT  TO  IMPOSE  ANY  SENSIBLE 


^LE?W^I 


MODmCATIONS  IN  THE  EXISTING  LINE  OF  ENGINE  PRODUCTIONS. 

ON  THE  CONTRARY  IS  OFFERING  THE  POSSIBILITY  TO  REDUCE  ESSENTIALLY  THE 
COST  FOR  THE  NEW  ENGINES  IN  A  PROPORTION  OF  AT  LEAST  OF  30%, 

BY  THE  TOTAL  ELIMINAHON  OF  THE  INJECHON  PUMPS.  WITH  MULTIPLE  CYLINDERS  ,  AND 
ALL  THE  MECHANICAL  DRIVING  SYSTEMS  INCLUDING  CAMSHAFTS ,  GEARS.  PUSHERS 
..ROCKERS,  AND  THE  ENTIRE  MECHANICAL  TRANSMISSION  SYSTEM. 

THE  LTSIVERSAL  APPLICABILITY ,  IS  THE  WAY  TO  PENETRATE  IN  A  VERY 
SHORT  TIME  THE  EXISTING  HUGE  .AFTER  MARKET  OF  ALL  CATEGORIES  OF  DIESEL  AND 
SPARK  IGNITED  DIRECT  INJECTION  ENGINES ,  WITH  THE  IMMEDIATE  MAJOR  IMPACT  TO 
THE  EMISSION  REDUCTION  .AND  .AN  ESSENTIAL  REDUCTION  OF  THE  FUEL  CONSULdPTION 
OF  ALL  CONVENTIONAL  .AND  NEW  ENGINES. 

ULTRA  HIGH  PRESSURE  “ECA  COMMON  RAIL”  ALTERN.ATTVE 

BACKGROUND 

THE  EXISTING  CO.MMONRAIL  INJECHON  SYSTEMS  ARE  ASSOCIATED  WITH  A 
FUND.AMENTAI,  ANT)  ESSENTIAL  LIMITATION  OF  THE  INJECHON  PRESSURE  NOT  MORE 
THAN  1300  -1500  BAR.  THIS  LMET.AHONIS  THE  REZLTT  OF  THE  INCAPACHY  OF  THE 
EXTERNAL  PUMP  TO  PRODUCE  AND  TO  TRANSMH  THROUGH  LONG  PffES  THE  HIGH 
PRESSURE  TO  THE  MUXH  CYLINDERS  ENGINES  . 

ASSOCIATED  WITH  THIS  SSENHAL  LMH.AHON  IS  THE  “HELMHOLTZ  EFFECT  “OF 
PRESSURE  \YAYE  GENERAHON  .AND  INTERFERENCE  BETWEBI  THE  ACTU.AL  INJECHON 
PRESSURE ,  IN  THE  MOMENT  OF  INJECHONS,  OF  DIFERENT  INJECTORS.  THE  FRECVENT 
REZULT  IS  BIG  CYLINTDER  COMBUSHON  VARIAHONS,  VIOLLENT  TORQUE  OSCILAHONS , 
.AND  VIBRAHONS  AT  DIFFERENT  CRHICAL  SPEEDS  . 

IN  THEHME  BETW-EEN  INJECTIONS  THE  COMMONRAEL  AT  1500  BAR  IS 
LOOSING  ALL  THE  HYDRAULIC  ENERGY  THROUGH  RELIEF  VAJLVES  T^^CH  ARE 
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ELIMINATING  THE  SUKPLUS  OF  HIGH  PRESSLKE  FLUE)  AND  BY  CONSECVENCE  THE 
BIG  ENERGY  ASSOCIATED  WITH  THIS  “HEMORAGY”. 

THE  MAGNITUDE  OF  PERMANENT  ENERGY  LOSS  IS  THE  MOST  IMPORTANT 
REASON  OF  INJECHON  PERSSURE  LIMITATIONS,  AND  A  PERMANENT  HIGHER 
SPECIFIC  FUEL  CONSUMPTION. 

ECA  COMMON  RAIL  LEiTRA  HIGH  PRESSURE  ALTERNATIVE  IS 
ELIMINATIN’G  TOTALLY  THESE  DEFECTS  BY  THE  FOLLOWING  REASONS  AND 
CARACTERISTICS: 

1.  ECA  ULTRA  HIGH  PRESSURE  IS  GENERATED  INSIDE  OF  THE  UNTTINJECTOR, 

NOT  IN  THE  EXTERNAL  COMMON  inT)R.AULIC  PUMP  AND  THE  PRESSURE  ANT)  THE 
MOMENT  OF  INJECHON  AND  THE  ENT)  OF  INJECHON  OF  EACH  Es' JECTOR ,  IS  TOTALLY 
ISOLATED  FROM  THE  OTHER  INJECTORS. 

2.  ECA  COMMON  RAIL  PRESSURE  SLTPLIED  BY  THE  EXTERNAL  COMMON  PLW  IS 

3.  10- 15  TIMES  LOWER,  THAN  THE  ACTUAL  COMMON  RAIL  PRESSURE  OF  THE  EXISTING 

4.  CONVENTIONAL  SYSTEMS  .  THE  REZLTT  IS  PRPOPRHONAL  LOWER  ENERGY 
CONSUMPHON  FOR  DRIVING  ECA  CON-aiON  RAIL  SYSTEM. 

'  •.  THE  MOST  IMPORTANT  CARACTERISHC  OF  ECA  COMMON  RAIL  ULTRA  HIGH 
PRESSURE  INJECTION  SYSTEM  IS  THE  FACT  THAT  IS  IDENTIC  \VrrH  THE  SELF 
INJECTION  SYSTEM  USING  THE  SAME  UNIT  PUMP  INJECTOR,  ANT)  A  COMMON  PUMP 
ATLOWRESSURE  (200  BAR)  INSTEAD  2000  BAR  SPECMC  FOR  CONVENHONAL  SYSTEMS. 

WTTH  DIRECT  RELAHON  WITH  THE  DARO/ DARPA ,  THERNIOELECTRIC  COMPOLIND 
ENGINE  PROGRAM,  IN  WHCH  THE  ULTRA  HIGH  PRESSURE  COMPRESSION  ANT) 
COMBUSHON  THERLIAL  CYCLE,  IS  REQUIRING  AN  ADEQUATE  ULTRA  HIGH  PRESSURE 
INJECHON  SYSTEM,  ECA  IS  PROPOSING  THE  SELF  INJECHON  SYSTEM  TO  BE  THE  FIRST 
MAJOR  PART  OF  THE  DARO/DARPA  PROGRAM, 

WTTFi  THE  UNIVERSAL  DUAL  APPLICABILHY  FOR  ANV'  AND  ALL  LALHARY  ENGINES, 


AND  ALL  THE  COMMERCIAL  ENGINES ,  THE  COMBINED  GOVERKiMENT  AND  PRIVATE 
MATCHING  FUNDING  OF  THE  PROGRAM .  IS  A  SOLID  FOUNDATION  FOR  A  REALISTIC 
MILITARY  AND  COMMERCLAL  GENERAL  APPLICABILITY. 


E.C.A  SELF  INJECTION  DESCRIPnON  AND  FUNCTIONALITY. 


THE  "SELF  INJECTION "  NOnON  IS  THE  REZULT  OF  THE  FUNDAMENTAL  DIFERENCIES 
BE'n\'EEN  THE  CONVENTIONAL  INJECTION  SYSTEMS ,  WHICH  ARE  ACTR^ATED  FROM  AN 
EXTERNAL  ENGINE  SOURCE  OF  POWER ,  AND  A  MECHANICAL  SYSTEM  OF  TRANSMISSION, 
FORLTED  FROM  GEARS ,  CHAINES ,  BELTS .  CAMSHAFTS,  ROCKERS,  PUSHERS.  MLILTIPLE 
CYLINDERS  HIGH  PRESSURE  PUMPS.  HIGH  PRESSURE  mDRAULIC  LINES,  AND  FINALLY 
INDRIDUAL  INJECTORS,  ALL  OF  THESE  ARE  ELIMEnFATED  BY  OUR  ECA  "SELF  INJECHON 
SYSTEM"  WHICH  IS  ACTIVATED  DIRECTLY  FROM  THE  PRESSLTIE  EVOLITION  IN  THE 
ENGINE  CYLINDER.  FIG.l 

BY  DEFINTTION  ECA  SELF  INJECTION  SYSTEM ,  IS  A  UNIC  ELEMENT  OF 
PUMP/INJECTOR  PER  CYLINDER,  ACTR^ATED  BY  AN  INDRTDUAL  GAS/H\T)R.\ULIC 
MODL^LE,  IN  PERNIANENH  CONTACT  V-TTH  THE  COMBUSTION  CHAMBER  OF  THE  ENGINE, 
THROUGH  A  SK4ALL  COMUNICATION  TUBE.  INSIDE  OF  THE  GAS  HYDRAUEIC  MODULE  IS  A 
SMALL  TREE  PISTON",  RECEIVING  ON  ONE  SIDE  THE  GAS  PRESSURE  WHICH  IS  INTHE 
CYLINDER  "IN  REAL  TIME",  AND  ON  THE  OTHER  SIDE  TRANSMITING  THE  SAME  PRESSURE , 
IN  THE  OIL/H\T)RAUXIC  CYLINDER ,  CONNECTED  WITH  AN  OIL  TUBE  WITH  THE  ELECTRO 
HYDRAULIC  AMPLIFIER  UNIT  PUMP, INJECTOR. 

THE  ELECTRO  HYDRAULIC  AMPLIFIER  CYLINDER  IS  RECEIVING  IN  THE  PRIME 
CYLINDER  THE  HYDRAULIC  PRESSURE  EQUAL  WITH  THE  REAL  PRESSURE  IN  THE  ENGINE 
CYXINDER,  AND  IS  TRANSMITING  THE  HiDRAULIC  FORCE  TO  A  SMALL  PLUNGER  WHICH  IS 
SITUATED  IN  THE  INJECTION  CYLINDER.  THE  AREA  OF  THE  INJECUON  PLUNTGER  IS  10-15 


mffiS  SMALLER  THEN  THE  AREA  OF  PISTON  IN  THE  PRIME  CYLINDER ,  REZULTTNG  A 
PRESSURE  AMPLIFICAnON  FOR  THE  INJECTION,  IN  THE  SAME  PROPORTION. 

THE  AMPLIFIER  CYLINDER,  IS  PROVIDED  WITH  A  SOLENOE)  HHCTRONIC 
CONTROLLED  PILOT  VALVH,  AND  THE  INJECHON  CYLINDER  IS  PROVIDE  WITH  A  SOLENOID 
HT'GH  PRESSURE  VALVE. 

THE  UNIT  ELECTRO  HYDRAULIC  AMPLFIER  PUMP  CAN  BE  CONNECTED  WITH  ANY 
CONVENTIONAL  OR  NEW  INJECTORS, 

ECA  NEW  INJECTORS  CAN  PROVIDE  PILOT  AND  MULTIPLE  TULSE  INJECTIONS'' 
WHICH  CAN  DISTROI  ANT)  ELDvIINATE  THE  CONVENTIONAL "  HOT  ISLAND"  OF  THE 
INJECTED  PLUNIE,  ELEv'IINATING  THE  MAJOR  SOURCE  OF  EMISSION,  BY  THE  REACH 
MKTLTRE.C.ARACTERISTIC  FOR  THE  CONVENTIONAL  DIESEL  E\^JECTORS. 

A  SPECIAL  CONFIGURATION  OF  ECA  INJECTORS  IS  PROVIDED  WITH  THE 
EQUIV,ALENT "  INFINITE  NEMBER  OF  HOLES"  GENERATING  HOLLOWS  CONIC  INJECTIONS 
ELIMINATING  TOTALLY  THE  CENTRAL  REACH  MKTLRE ,  RESPONSABLE  FOR  ALL  THE 
EMISSIONS.FIG.J 

ALL  THESE  UNIC  C^ARACTERISHCS  iS  FORMING  AN  ABSOLUTE  STJPERIORITY, 
OVER  ANT  ANT)  ALL  CONTENTIONAL INJECHON  SYSTEMS. 

DEPENTDEs^G  OF  THE  ENGINE  CONFIGURATION,  EACH  ANT)  ALL  CYLINDERS  ARE 
ASSOCIATED  WITH  A  CENTRAL  UMC  ELECTRONIC  CONTROL  MODUTE,  WHICH  IS  ABLE  IN 
"REAL  TIME "  CYCLE  BY  CYCLE ,  TO  ACTIVATE,  TO  COMAND  ANT)  TO  CONTROL  EACH 
C  YLE®ER ,  TO  DIAGNOSE  ANT"  ANT)  ALL  DEVIATIONS .  FROM  AN  ABSOLUTE  PERFECT 
UNFORMIZATION  OF  ALL  CYCLES  AND  CYLINDERS,AND  TO  COMMANT)  AN  DISTANT 
"EQUALIZATION". 


ECA  "SELF  INJECTION  TECHNOLOGY"  .HAVE  A  UNIC"  TRIANGULAR  "EVOLUTIVE 
PRESSURE  INJECnON  RATE  ,(FIG,|)  WHICH  IS  GENERATING  A  CONSTANT  AMPLmCATION 
OF  THE  INJECTION  PRESSUTIE,  STARTING  WITH  INITIAL  10...15  TIMES  OF  THE 
COMPRESSION  PRESSURE  .AND  FINISHING  ,WTTH  THE  SAME  RATE  OF  AMPLIFICAnON  THE 
COMBUSTION  PRESSURE.  CONSERVING  THE  INJECTION  PRESSURE  AMPLIFICATION  FROM 
THE  BEGINTNG  OF  COMBUSHON  UNTIL  THE  END  OF  COMBURHON  AT  UTTRAHIGH 
PRESSURE  OF  30,000-  50,000  PSI. 

THE  END  OF  INJECTION  IS  PRODUCED  BY  THE  DE-ENEGIZING  OF  THE  SOLENOID  (f '6 
CO-MANDING  THE  HIGH  PRESSURE  VALVE ,  WHICH  WILL  OPEN  THE  INJECTION  C'iXINT)ER. 
PRODUCEvIG  A  SHARP  CUT  OF  THE  INJECHON.  IN  THIS  WAY  IS  ELIMINATING  .ANY 
POTENTIAL  POST  OR  LATE  INJECTIONS ,  WHCH  IS  THE  MAJOR  DEFECT  OF  THE 
CON\ENTIONAL  INJECHON  SYSTEMS ,  AND  THE  SOURCE  OF  INTENSE  EMISSION ,  SMOKE 
GENERATION  AND  HIGH  FUEL  CONSURIPHON . 

MULTIPLE  SECVENTUL  INJECTION  SYSTEM  FOR  OPPOSED  PISTON  ECA  ExNGINES 
D.4RPA  /  D.ARO  JMTR,  UAV  A.ND  HEV  APPLIC.4TIO.NS. 

THE  OPPOSED  PISTON  ECA  ENGINE,  HA\E  A  SPECIFIC  CONTIGUR.AHON  OF 
THE  COMBUSHON  CHANIBER  CRE.ATED  BETWEEN  THE  TWO  OPPOSED  PISTONS  , 
CAR.ACTERIZED  BY  A  CENTRAL  COMBUSHON  CHAMBER  REZULT  OF  THE  CONJUTs^CHON 
OF  A  SPECLAL  CROWN  (1)  ATT.ACEHED  TO  ONE  PISTON  AND  THE  CORRESPONDING 
RECESSED  CENTR.AL  COMBUSHON  CHARfflER  (2)  LOCATED  IN  THE  SECOND  OPPOSED 
PISTON.CFIG  A)  .AND  (FIG  B  ) 

BEFORE  THE  END  OF  THE  COMPRESSION  STROKE ,  APROXIR'IATHE  30  DEGREE 
BEFORE  THE  TOP  DEAD  CENTER,  THE  CROWN  (1)  OF  ONR  PISTON  IS  SEPARATING  THE 
COMBUSHON  CHAMBER  IN  DVO  REGIONAL  WORKING  CHAMBERS  .  ONR  SITOATED  ON  THE 


OUTSDE  PERJFERY  (3)  OF  THE  CROW  AT®  THE  SECOND  (2)  IN  THE  CENTER  OF  THE 
SECOND  PISTON. 

BY  PENETRATING  THE  CIRCULAR  CROW  (1)  IN  THE  CENTRAL  COMBUSTION 
CHAMBER  (2),  THE  PERIFERICAL  AIR  (3)  IS  FORCED  TO  BE  INJECTED  TANGENTIALLY 
THROUGH  A  NUMBER  OF  PORTS(4)  ,IN  THE  CENTRAL  COMBUSTION  CHAMBER(2  ) 
CREATING  A  VERY  INTENSIVE  TATTGENTTAL  AND  FINAL  SPIRAL  HIGH  SPEED  AIR 
MOVEMENT. 

ONR  ,TWO  ,THREE,OR  FOUR  ECA  SPECIAL  FUEL  INJECTORS,  ARE  DISTRIBUTED 
ALSO  TANGENTIALLY  IN  CORRESPO>®ENCE  WITH  THE  NOZZLE  PORTS  (5).  THE  INJECTORS 
ARE  CONNECTED  WH  A  SELF  DISTRIBUTION  FUEL  DEATCE  (6 ).  THE  HIGH  PRESSURE 
MODULE  (7 )  IS  THE  SOURCE  OF  EACH  INJECTION  PULSE,  \^HICH  IS  DISTRBUTED 
SECVENTIALLY  TO  THE  FOIR  INJECTORS  IN  A  SECVENCE  1.2,3,4,/PER  CYCLE  AND 
ROTATION  EACH  INJECTORS  IS  PRODUCING  TWO  INJECTIONS  “PILOT  AN®  MAIN’ 
REZULTING  AT  LEAST  8  INJECTIONS  PER  CYCLE  .  ALL  OF  THEM  ARE  TOGHETER  ON  NO 
MORE  THAN  15—20  DEGREE  OF  TOTAL  CRAIsTC  ANGLE,  CONTEMPORARY  WITH  THE 
INTERCONJUNCTION  OF  THE  OPPOSED  PISTONS  ( CROWN  (1 )  AND  CHALfflER  (2 ) ). 

THE  INJECTED  FUEL  IS  ACCELER.4TED  IN  A  HIGH  SPEED  VORTEX  ,EXPLOSIYE 
ATOMIZED  JET  OF  DOURLE  INJECTIONS  ,(PHOT  AND  MAIN)  THROUGH  THE  NOZZEL  PORTS 
(5),  AN®  TOGHETER  WITH  THE  .AIR  INJECTON,  IS  FORMING  AIn  EXTRAORDINARY  SUPER 
MIXED  AIR  AND  FUEL  TO  THE  LEVEL  OF  TOTAL  HOMOGENEOUS  MKIURE. 

.ALL  THE  SYSTEM  IS  SELF  ACTIVATED  BY  THE  GAS  H\®RAL®IC  ACTU.4TOR  (  8 ) 
WHICH  IS  CONNECTED  THROUGH  THE  CHANEL  9  WITH  THE  COMBU^HON  CHAMBER,  AND 
IS  PR-M.AIEN’TLY  TRANSFERING  THE  GAS  PRESSURE  EVOLUTION  TO  THE  OTHER  SIDE  OF 
THE  “  FREE  “  PISTON  ( 10  ),  AND  CREATNG  A  FUEL  ACTUATION  PRESSURE  EQUAL  WITH 
THE  ACTU.AL  PRESSURE  EXISTENT  IN  THE  CONIBUSHON  CHAMBER  THIS  Ftfeu  PRESSURE 
IS  TRANSFERRED  IN  THE  HIGH  PRESSURE  MODULE  7,  AND  AMPLife)  THE'&JECTION 
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PRESSURE  IN  A  PROPORTION  OF  12—15  TIMES  THE  GAS  PRESSURE  ACTUALLY  EXISTENT 


IN  THE  COMBUSTION  CHAMBER. 

THE  ASSOCIATED  ACTIONS  OF: 

SECVENTIONAL  8  PILOT  AND  MAIN  INJECTIONS,  TANGENTIALLY 
ACCELERATED ,  BY  SELF  AIR  TANGENTIAL  INJECTIONS ,  ULTRA  HIGH  SPEED 
VORTEX  ATOMIZATION,  ULTRA  HIGH  PRESSURE  SELF  INJECTION  AND  THE 
ABSOLUTE  HOMOGENIZATION  OF  THE  FINAL  AIR/FUEL  MIXTURE,  WILL  BE  THE 
ABSOLUTE  SOLUTION  FOR  .4JV  IDEAL  CLEAN  COMBUSTION  WITH  ZERO  EMMISSION 
AND  MULTI  FUEL  CAPABILITY. 
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FIGURES 


SELF  DISTRIBUTION  FUEL 
DEVICE  CROSS  SECTION 
FIGURE  4 
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SELF  DISTRIBUTION  FUEL 
DEVICE  INTERNAL  VALVE 
FIGURE  4A 


SELF  DISTRIBUTION  FUEL 
DEVICE  TOP  VIEW 
FIGURE  5 


FIGURE  7 


TASK  2.2  FUEL  INJECTION  OPTIONS  ASSESSMENT. 


PRELIMLNARY  SELECTION 

THE  LARGE  VARIETE  OF  INJECTION  SYSTEMS  AVAILABLE  ON  THE  MARKET 
H.4VE  A  COMPLETE  REPREZENTATION  IN  THE  BOSCH  INJECTION  SYSTEMS 
CATALOG  AND  PRODUCTION  AVAILABILITY,  WHICH  C.4NBEAGOOD  GUIDE  FOR 
THE  ASSESSMENT  OF  THE  STATE  OF  THE  ART  INJECTION  SYSTEMS ,  CONSIDERED 
“COm^ENTIONAL  TECHNOLOGY  “ 

A  DEPARTURE  FROM  THE  “COiWHiNHONAL  TECHNOLOGY”  C.4N  BE 
REPREZENTED  BY  THE  “HEUI  FLTL  SYSTEM”  PRODUCED  BY  CATERPILAR  AND 
NAMST.AR 


ALL  OTHER  INJECTION  SYSTEMS  ARE  \T:RY  F.4R  FROM  AN\" 
CONSIDERAHON,  REPREZENTING  THE” OLD”  HISTORY  WHICH  CANNOT  BE  A 
POTENTL4L  COMPONE.NT  OFOIH  ADVANCED  ENGINE  TECHNOLOGY. 

ST.4RnNG  OUR  ANALYSIS  ON  THE  “BASIC  CMTERIAS”,  .4ND  USING  THE 
INFORMATIONS  PLTJLISHED  IN  THE  “DIESEL  &  G.4S  TURBINE  W'ORLDWIDE 
CATALOG  “97”,  ANH  PUBLIC.4TIONS  FROM  DIFERENT  SOLHCES  INCLUDING  SAE 
REPORTS,  FOR  THE  FUNDAMENTAL  CRITERIA  OF  THE”  HIGHEST  INJECTION 
PRESSURE  POSSIBLE  “  ,  WE  CAN  CONCLUDES: 

THE  MAXEVI  ABSOLUTE  INJECTION  PRESSLHE  OF  ALL 
EXISTING  LNJECTION  SYSTEMS 
IS  2000  BAR  =  30,  000  PSI 

PROMDED  BY  “BOSCH  ELECTRONICALLY  CONTROLLED  UNIT  INJECTORS  (EUI). 


1.  THIS  UNIT  INJECTORS  CAN  BE  USED  ONLY  IN  SPECIAL  CONFIGUTIATION 
ENGINES  PROVIDED  WTTH  A  MECHANICAL  DRIVING  SYSTEM  OF  CAMSHAFT 
,  PUSHER ,  ROCKERS ,  GEARS ,  BUILDED  SPECIFICALLY  FOR  THIS  INJECTION 
SYSTEM. 

2.  THE  BOSCH  LNJECTOR  CAN  WORK  ONLY  FOR  MAXIMLM  COMBUSHON 
PRESSURE  FOR  THE  THERM.4L  CYCLE  WHICH  WILL  BE  NO  MORE  THAN 
150-200  B.4R  =2200  -  3000  PSI. 

ECA  THERMOELECTRIC  COMPOUND  ENGINE  IS  CAP.4BLE  TO 
WORK  AT  300-350  BAR  =  4500-5000  PSI,  COMBUSTION  PRESSUHE 

2.  FOR  BOTH  REASONS  THE  BOSCH  LNJECTION  SYSTEM  IS  L^^APPLICABLE  TO 
THE  ECA  THERMOELECTRIC  ENGLNE ,  BECAUSE  DOES  NOT  HAVE!  AiNY 
MECHANICAL  C.AMS  ,  PUSHER ,  ROCKERS  ,  OR  ANY  MECHANTC.AL  DRIVING 
SYSTEM,  WITH  OUT  A  MAJOR  REDESIGN  ANT>  REBUILD  THE  ENTIRE  ENGINE 
CONFIGU1R.4TION  . 

3.  LN  ADDITION  THE  SMALLER  LNJECTION  PRESSLHE  WILL  RESTRICT  ECA 
ENGLNE  TO  DEMONSTRATE  THE  MAXIML^I  POTENTIAL  OF  THE 
THERMODYxNANnC  CYCLE  EFFICIENCY  AT  300-350  BARR  .COMBUSTION- 
PRESSURE 

4  MULTIPLE  PILOT  ANT)  MALN  INJECTIONS  IS  NOT  AVAIL^VBLE  FOR  THE  BOSCH 
INJECTION  SYSTEM ,  WHICH  WTLL  BE  DmCLTLT  OR  IMPOSSIBLE  TO  ELIMINATE  THE 
NOX  EMISSION ,  AND  TO  ACHTEVE  THE  MULTIPLE  FUEL  CAPABILITY. 


ko 


Flow  (L/min) 


Injector  Rate  Trace  Comparison 
Test  vs.  Analysis 


FIGURE? 


HEUI  Fuel  System 


6.  THE  BOSH  UNIT  INJECTION  SYSTEM ,  tt4VE  A  LEVflTED  ROTATION  C.4PABILITY 
NOT  MORE  THAN  2000  RPMS  /  INJECTIONS  PER  MENHTE ,  WHICH  IS  A  RIGID 
LIMITATION  OF  THE  POWER  DENSITY  ,  IN  COMPARISSON  WITH  THE  NOMINAL 
SPEED  OF  ECA  TWO  CYCLE  ENGLNE  AT5500RPM. 

7  THE  BOSCH  “COMMON  RAIL  “  INJECTION  SYSTEM ,  H4VE  MUCH  LESS 
PRESSURE  CAPABILITY  ONLY  1350  BAR ,  BUT  HIGHER  SPEED  AT  3000  RPM. 
THIS  INJECTION  SYSTEM  WILL  RESTRICT  MORE  THE  LEVEL  OF  THE 
MAXIMUM  PRESSURE  ACCEPT.4BLE  IN  THE  COMBUSHON  CHAMBER. 

CONCLUSION  FOR  BOSCH  INJECTION  SYSTEM . 

FOR  ALL  THESE  RE.4SONS  THE  BOSCH  INJECTION  SYSTEMS  ARE  NOT 
.4PPLICABLE  TO  THE  ECA  THERMOELECTRIC  ENGLNE  VTTH  OUT  SE\'ERE 
REDUCTIONS  OF  THE  PERFORMANCESS  AND  LTN  ACCEPTABLE  MORE 
COMPLEXITITY . 

ANALYSIS  OF  THE  HLT  C.4TERPIL.4R /NAVISTAR 
INJECTION  SYSTEM 

THE  HUT  C.4TERPHAR/NA\TST.4RLNJECTION  SYSTEM  IS  A  DEPARTURE 
FROM  THE  CONVENTIONAL  LNJECTION  SYSTEMS ,  AND  AN  EXTENTION  OF 
THE  COxMMON  RAH  LNJECTION  SYSTEM  CONCEPT. 

THE  BIGEST  LEMIT.ATION  OF  THE  HUI  SYSTEM  IS  IN  RELATION  WITH 
THE  MAXEVHM  INJECTION  PRESSURE  OF  1500  BAR ,  LESS  THAN  THE  BOSCH 
UNIT  INJECTION  SYSTEM ,  ANALIZED  ABO^U  (2000  BAR). 


ACTUAL  DE\'ELOPMENT  WORK  PUBLISHED  BY  CATERPELAR ,  IS 
LNDICATING  Ta4T  THE  MOST  SEVERE  PRESSL^RE  LIMITATION  IS 
ASSOCIATED  WITH  THE  GEOMETRY  OF  THE  NOZZLE  (TIP)  HOLES ,  AND 
POPET  VALVE  FUNCnONALTTY. 

THE  MOST  IMPORTANT  DEHCIENCY  OF  THE  HUI  INJECTION  SYSTEM  IS 
THE  “IN.JECTOR  RATE  TRACE"  PLHLISHED  IN  THE  SAE  930271  FIG  7. 

THIS  RATE  IS  INDICATING  THAT  APROX  50%  OF  THE  INJECTION ,  AT  THE 
END  IS  A  VERY  SLOW  DECAITNG  PRESSURE  DROP  JNCLUDING  WITH  A 
“REZIDUAL”  \’ERYLOWPRESSLHE END  “STEP  “INJECTION  (25%). 

BECAUSE  50%  OF  THE  INJECTION  AT  THE  END  OF  COMBUSTION ,  AT 
M4XIMUM  COMBUSTION  PRESSUHE  IS  .ASSOCIATED  WITH  REDUCED  INJECTION 
PRESSLHE  ,  THE  COMBUSTION  AND  THE  FUHL  ATOMZATION  IS  BADLLY  AFFECTED, 
.4ND  CORRESPONDENTLY  THE  EIVnSSION  LEVEL  MILL  BE  HIGHER. 

THE  MOST  EvIPORTANT  PROBLEM  ASSOCL4YED  WITH  THE  COMMON 
RAIL  HEUT  IN.JECTION  SYSTEM  ,  FOR  MORE  TRAN  ONE  INJECTOR  OR  MORE 
THAN  ONE  CYLINDER  IS  THE  “HELMHOLTZ  PRESSLHE  LNSTABRITY” 
PHENOMENON ,  OCCUHS  WHEN  .AN  LNJECTOR  FROM  OxNE  MANIFOLD  IS 
.ACTUATED  AND  EXCITES  A”  PRESSURE  WAVE”  TRAT  TRAVELS  TO  THE 
OTHER  MANIFOLDS.  CREATLNG  BIG  INTERFERENCE  AND  VARIATION  OF  THE 
FUEL  DELIVERY  BETWEEN  THE  INJECTORS .  SINCE  THE  QUANTITY  OF  THE 
FUEL  INJECTED  ,IS  DEPENDENT  OF  MANTFOLD  PRESSURE ,  THE  INSTABRITY 
AND  DIFERENTLATION  OF  FURL  LNJECTIONS ,  CAN  CRE.ATE  SEVERE 
LNSTABRIT  Y,  AND  HIGH  DEGREE  OF  L^N  PREDICTIBLE  COMBUSTION 
DISTURBANCESS. 

THE  ECA  OPPOSED  PISTON  ExNGINE ,  IS  USING  MULTIPLE  INJECTORS 
(1,2, 3, 4),  ON  THE  SAME  TIME  INTERVAL  SECVENTIALLY  OPERATED ,  FOR  EACH 


CYCLE ,  THE  POTErOTAL  INSTABTLITY  FOR  A  COMMON  RAIL  INJECTION 
SYSTEM ,  CAN  GENERATE  TOTALLY  UN  CONTROLLED  COMBUSTION 
VaRLATIONS  . 


ALL  THESE  REASONS  CONDUCT  TO  THE  CONCLUSION  THAT  THE 
C ATERPHAR  -NAVISTAR  INJECTION  SYSTEM  IS  NOT  A  VL4BLE  ,  AND  PROPER 
SOLLHION,  FOR  THE  LXTRA  HIGH  PRESSLTIE  COMBUSTION  CAPABHITY  AND 
ABILITY  SPECHIC  UMC  CARACTERISTIC  OF  THE  ECA  THERMOELECTRIC  COMPOUD 
ENEGINE. 

FINAL  CONCLUSION  FOR  TECHNOLOGY  AND  MARKET  ANALYSIS. 

1 .  NONE  OF  THE  EXISTING  INJECTION  SYSTEMS,  AVAILABLE  ON  THE  MARKET  ARE 
ABLE  TO  PERFORM  AT  THE  MAXBVTUM  CAPACITY  ,FOR  MAXIMUM  LNJECTION 
PRESSLHE  ,  TO  SATISFY  THE  MAXIMUM  COMBUSTION  PRESSURE  OF  300—350  BAR 
SPECIFIC  FOR  MAXIMUM  UNIC  PERFORIVLANCESS  AND  CAPABILITY  OF  THE  ECA 
ULTRA  HYGH  PRESSURE  THERMOELECTRIC  COMPOUND  ENGINE. 

2  .  xNONE  OF  THE  EXISTLNG  INJECTION  SYSTEMS  ARE  ABLE  TO  PRODUCE 
HOMOGENEOUSE  LEAN  MIXTURE ,  CORESPONDENTLY  CLEAN  COMBUSTION. 

3  NONE  OF  THE  INJECTION  SYSTEMS  ARE  ABLE  TO  PERFORM  AT  HIGHER 
ROTATIONS  (PURSATIONS)  THAN  3000  /MINUTE. 


^3, 


ECA  -  STEREO  LITHOGRAPHY  MAIN  ENGINE  COMPONENTS 

REAL  SCALE 

PRODUCED  BY  UTAH-UNIVERSITY 


Background  and  Capabilities  for  University  of  Utah  Involvement 


Background 

In  1991,  we  were  given  the  drawings  to  the  1.5  liter  mono-cylinder  test  engine  by  our 
DARPA  program  manager  and  asked  to  first  model  the  engine  and  then  manufacmre  a 
1/3  scale  physical  model  of  the  engine  as  test  of  our  ability  to  model  and  manufacmre  a 
relatively  complex  assembly.  We  acmally  built  two  physical  models,  first  a  plastic  model 
using  the  stereo  lithography  process  and  then  the  aluminum  model.  Most  of  the  parts  for 
the  aluminum  model  except  for  the  cylinder  block  and  the  cylinder  liner  were  machined 
directly  from  solid  aluminum  stock.  The  cylinder  block  and  cylinder  liner  were 
investment  cast  from  wax  models  made  using  the  selective  laser  sintering  technique  and 
then  finish  machined.  In  addition  to  the  physical  models,  a  complete  computer  animation 
of  the  engine  was  also  produced. 


Current  Status  of  the  1.0  Liter  Engine 

A  preliminary  computer  model  of  the  1.0  liter  engine  (87  mm  bore  and  84  mm  stroke)  has 
been  completed  and  physical  models  of  most  of  the  major  parts  have  been  fabricated 
using  either  the  stereo  lithography  process  or  the  fused  deposition  modeling  process.  The 
same  STL  files  used  to  produce  the  rapid  prototyping  models  of  the  cylinder  block, 
cylinder  liner,  the  rotary  valves  and  the  pistons  have  been  provided  to  FEV  Engine 
Technology  for  use  in  computer  fluid  dynamic  analysis.  The  computer  model  is 
completely  parametric  and  is  relatively  easy  to  modify.  It  has  already  undergone  major 
modifications  in  the  preliminary  design  phase  and  has  been  used  as  the  starting  basis  for 
studies  of  both  smaller  and  larger  displacement  engines.  The  engine  has  also  modeled  in 
a  manner  that  would  allow  building  multi-cylinder  versions. 

The  computer  model  supports  both  rapid  protot3q)ing  using  the  layered  technology  (STL 
files)  and  automatic  generation  of  CNC  machining  code  allowing  parts  to  be  made  using 
either  or  both  techniques. 


Projected  Manufacturing  Techniques  for  the  1.0  Liter  Prototype 

For  the  initial  prototypes,  most  of  the  parts  except  for  the  block  can  be  machined  directly 
from  solid  stock  using  a  combination  of  CNC  machines.  This  includes  the  crankshafts, 
connecting  rods,  all  piston  parts,  the  rotary  valves,  the  gears,  and  the  crankcase  halves. 
The  gear  blanks  will  be  mrned  on  a  CNC  turning  center  and  the  teeth  and  splines  would 
be  cut  using  a  CNC  wire  EDM.  The  cylinder  liner  either  can  be  machined  directly  from 
thick  wall  alloy  mechanical  tubing  using  a  combination  of  CNC  turning  and  5-Axis 
machining  or  it  can  be  investment  cast  from  a  wax  model  generated  from  one  of  the 


common  rapid  prototyping  techniques  such  as  Fused  Deposition  Modeling  (FDM)  and 
then  finish  machined  on  a  CNC  lathe. 

The  block  could  also  be  investment  cast  either  from  a  wax  pattern  generated  one  of  the 
common  rapid  prototyping  techniques  or  using  the  Soligen  Direct  Shell  Production 
Casting  (DSPC)  technique.  All  of  the  commercially  available  rapid  prototyping 
techniques  use  the  same  STL  file  format  so  any  of  the  techniques  could  be  used  if  it  were 
thought  to  offer  an  advantage.  However,  we  would  probably  recommend  that  the  block 
be  fabricated  using  the  Stratiform  process  developed  by  Ford  Motor  Company  as  part  of 
their  100-Day  Engine  Project.  Using  this  technique,  the  block  is  sliced  into  relatively 
thick  slices  that  can  be  machined  from  solid  stock.  The  slices  are  stacked  and  furnace 
brazed  to  crate  a  solid  part  that  has  the  same  structural  characteristics  as  a  casting.  This 
process  is  generally  much  faster  and  more  economical  than  the  layered  rapid  prototyping 
techniques.  As  a  test  or  this  process,  we  have  machined  several  slices  from  the  engine. 
In  one  test,  it  took  only  50  minutes  to  machine  the  slice  while  the  same  part  took  19  hours 
to  make  using  the  FDM  rapid  prototyping  process. 

In  production,  it  would  be  more  economical  to  finish  machine  the  crankcase  halves  from 
sand  castings.  However,  it  will  be  much  faster  and  cheaper  to  machine  the  initial 
prototype  crankcase  halves  from  solid  stock.  The  crankcase  halves  were  modeled  so  that 
they  can  be  completely  machined  from  solid  stock  with  no  weight  penalty. 

Most  of  the  core  parts  including  the  crankshafts,  the  connecting  rods,  the  piston  parts,  the 
gears,  and  the  rotary  valve  parts  would  probably  be  CNC  machined  from  solid  stock  even 
in  moderate  production  volume.  CNC  machining  the  prototype  parts  provides  a  direct 
link  to  building  the  engine  in  production  volume  once  development  of  the  engine  has 
been  completed.  ■ 


Software 

The  software  used  for  the  modeling  and  manufacturing  was  developed  at  the  University 
of  Utah  as  part  of  what  is  referred  to  as  the  Alpha_l  project.  This  project  was  started 
around  1982  by  Richard  Riesenfeld  and  Elaine  Cohen  to  develop  computer  aided 
geometric  design  software  based  on  the  use  of  non-uniform  rational  B-splines  (NURBS). 
It  has  been  funded  primarily  by  DARPA  and  NSF  and  we  currently  have  limited  funding 
from  both  agencies.  There  are  several  different  parts  of  the  Alpha_l  project  including 
work  on  basic  computer  graphics,  animation,  scientific  visualization,  and  computer  aided 
engineering,  process  planning,  and  manufacturing.  While  there  are  a  number  of  different 
aspects  to  the  overall  project,  all  of  it  runs  together  in  a  well  integrated  fashion.  The 
software  has  continuously  been  updated  so  that  it  uses  the  latest  languages  and  user 
interface  technology. 

One  of  the  major  advantages  of  our  software  over  that  of  the  current  commercial  systems 
is  the  integration  between  modeling  and  manufacturing.  The  modeling  system  is  based 


on  the  concept  of  parametric  manufacturing  features.  While,  we  use  a  feature  based 
modeler,  we  can  also  treat  sculptured  surfaces  or  intersecting  sets  of  sculptured  surfaces 
and/or  non-sculptured  surfaces  as  features.  The  state  of  our  process  planning  and 
manufacturing  software  is  such  that  we  can  automatically  or  semi-automatically  generate 
CNC  code  with  automatic  tool  selection  and  speed  and  feed  calculation  for  parts  with  a 
wide  range  of  complexity.  For  machined  parts,  we  can  generally  make  it  advantageous  to 
use  CNC  machine  tools  with  lot  sizes  as  small  as  one.  For  parts  that  require  casting,  we 
can  create  patterns  for  sand  casting  or  investment  casting.  We  can  also  generate  the 
necessary  code  to  drive  other  rapid  prototyping  machines  including  selective  laser 
sintering  and  laminate  object  manufacturing. 

The  commercial  rights  to  the  software  have  been  given  to  the  University  of  Utah  which 
has  in  turn  granted  a  spin-off  company.  Engineering  Geometry  Systems  or  EGS,  the  right 
to  market  any  commercial  developments  of  the  software.  The  University  of  Utah  retains 
an  interest  in  Engineering  Geometry  Systems.  Currently,  EGS  in  conjunction  with 
Bridgeport  Machines  is  marketing  a  commercial  software  package,  EZFeatureMill  that 
uses  the  software  algorithms  developed  by  the  Alpha_l  project. 


Manufacturing  Facilities  at  the  University  of  Utah 

To  test  the  developments  in  computer  aided  process  planning  and  manufacturing 
software,  we  have  what  we  refer  to  as  the  Advanced  Manufacturing  Laboratory  (AML)  at 
the  University  of  Utah.  The  AML  contains  state-of-the-art  industrial  production  quality 
equipment  including: 

•  Cincinnati  Milacron  T-500  Horizontal  5-Axis  Machining  Center  with  an  automatic 
pallet  changer. 

•  Cincinnati  Milacron  1210U  Turning  Center  with  a  C-Axis  spindle  and  powered  rotary 
tools. 

•  Monarch  Cortland  VMC45  Vertical  Machining  Center  with  a  tilt  rotary  table  for  5- 
Axis  machining. 

•  Bridgeport  Machines  TorqueCut  22  Vertical  Machining  Center  with  a  rotary  table. 

•  Charmilles  Roboform  40  4-Axis  CNC  Sinking  EDM. 

•  Charmilles  Robofil  300  5-Axis  CNC  Wire  EDM. 

•  Fanamation  404020  Direct  Computer  Controlled  Coordinate  Measuring  Machine. 

•  Stratasys  FDM-1650  Fused  Deposition  Modeling  Rapid  Prototyping  Machine. 


The  AML  is  set  up  as  a  University  recharge  center  so  that  we  may  work  on  outside 
projects  and  charge  an  hourly  rate  for  use  of  the  facilities. 


Time  and  Cost  Estimate  for  1.0  Liter  Prototype  Engine 

The  following  estimates  of  time  and  cost  to  build  3  or  4  copies  of  a  prototype  1.0  liter 
Engine  are  based  on  a  number  of  assumptions.  The  work  would  include  the  final  design 
and  construction  of  the  parts  required  to  assemble  the  core  of  the  reciprocating  part  of  the 
1.0  liter  compound  turbo-diesel  based  on  using  certain  parts  from  the  6-cylinder  3.0  liter 
Mercedes  Benz  Diesel  engine  with  a  87  mm  bore  and  84  mm  stroke.  The  parts  that 
would  be  designed  and  manufactured  include  (for  each  engine): 


•  2  Outer  Crankcases 

•  2  Inner  Crankcases, 

•  1  Block 

•  1  Cylinder  Sleeve 

•  2  Rotary  Valves 

•  2  Rotary  Valve  Sleeves 

•  2  Rotary  Valve  Servo  Drives 

•  2  Piston  Assemblies  including  the  Piston  Crown,  Outer  Sleeve,  Piston  Inner  Support, 
and  Piston  Bridge 

•  4  Connecting  Rod  Assemblies  including  the  Connecting  Rod,  Connecting  Rod  Cap, 
and  Wrist  Pin. 

•  4  Crank  Shafts 

•  4  Crank  Shaft  Timing  Gears 

•  2  Idle  Timing  Gears 

•  1  Center  Timing  Gear 

The  work  would  also  include  designing,  procuring,  modifying,  and/or  manufacturing  the 
necessary  bolts,  bearings,  plugs,  seals,  etc.  for  the  core  engine. 


It  is  assumed  that  either  stock  or  slightly  modified  Mercedes  Benz  or  equivalent 
automotive  parts  will  be  used  for  piston  rings,  main  crank  bearings,  and  crank  pin 
bearings. 

The  work  does  not  include  any  design  or  manufacturing  effort  related  to  the  auxiliary 
components  including  coolant  circulation  pumps,  oil  scavenge  or  pressure  pumps,  fuel 
injection  system,  or  starting  system.  Also,  the  work  does  not  include  any  design  or 
manufacturing  effort  related  to  the  compressor  or  turbine  components. 

It  is  assumed  that  crankshafts,  crankcases,  connecting  rod  parts,  piston  parts,  gears,  and 
rotary  valve  parts  will  be  machined  from  billet  or  solid  stock.  The  cylinder  liner  will 
either  be  machined  from  thick  wall  alloy  mechanical  tubing  using  a  combination  of  CNC 
turning  and  5-Axis  machining  or  it  will  be  investment  cast  from  a  wax  model  generated 
from  one  of  the  common  rapid  prototyping  techniques  such  as  Fused  Deposition 
Modeling  (FDM)  and  then  finish  machined  on  a  CNC  lathe.  The  prototype  block  will  be 
fabricated  using  the  Stratiform  process  developed  by  Ford  Motor  Company.  Using  this 
technique,  the  block  is  sliced  into  relatively  thick  slices  that  can  be  machined  from  solid 
stock.  The  slices  are  stacked  and  furnace  brazed  to  create  a  solid  part  that  has  the  same 
structural  characteristics  as  a  casting. 

Construction  of  the  prototype  engine  will  not  require  the  design  or  fabrication  of  any 
casting  patterns. 

Given  the  above  assumptions,  I  estimate  that  the  core  engine  components  for  3  or  4 
prototype  engines  could  be  designed  and  manufactured  and  assembled  in  6  to  8  months 
for  $475,000. 


STEREO  LITHOGRAPHY 
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Mile.  DATE  DARPA  FUNDS 

Pro].  No  No. _ PROJECT  TITLE  AND  NUMBER _ DARPA  MATCHING  QTR  DATE  DUE  COMPLETE  EXPENDED 

CS-AR96-01  _ 0  Initiate  work _ 64,085 _ 7,200 _ 1/30/97  1/30/97  64,085 

CS-AR96-01  I  1 1 Flywheel/Interface/FESS/LIU  Specifications  |  119,2981  45, 600 1  i  3/30/97  |  | 
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Mile.  DATE  DARPA  FUNDS 

Proj.  No  No. _ PROJECT  TITLE  AND  NUMBER _ DARPA  MATCHING  QTR  DATE  DUE  COMPLETE  EXPENDED 

Progress  of  sub-system  testing,  review  of 
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CRLSTIinT 


Defense  Advanced  Research  Projects  Agency 
Cooperative  Agreement  MDA972-95-2-0011 
and  modifications  through  POOOll 
Quarterly  Report 
July  1  to  September  30, 1997 


Completed  Projects 


PROGRAMMABLE  DC  CONTROLLER 

Project  Manager:  Jefferson  Programmed  Power 
CS-AR94-02 


1 

MILESTONES 

DARPA 

MATCH 

QTR 

DATE  DUE 

DATE  COMPLETE 

DARPA 

FUNDS 

EXPENDED 

1 

Design  complete 

72,000 

1 

10/25/95 

72,000 

2 

CPU  Logic  Board  operational 

65,000 

80,000 

2 

1/10/96 

1/11/96 

3 

1  St  prototype  controller  test 

50,000 

60,000 

3 

4/10/96 

4/17/96 

4 

Final  report 

30,000 

77,000 

4 

6/30/96 

9/20/96 

CS-AR94-02  TOTALS 

217,000 

217,000 

11/5/1997 


CALSTART 


CDLSTIIRT 
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Cooperative  Agreement  MDA972-95-2-0011 
and  modifications  through  POOOll 
Quarterly  Report 
July  1  to  September  30, 1997 


Canceled  Projects 


OPTIMIZED  30kW  TURBINE/FLYWHEEL 
HYBRID  ELECTRIC  VEHICLE 

Project  Manager:  Rosetl  Motors 


ALUMINUM  RUNNING  CHASSIS  FOR  CIVILIAN  USE  (RCP-4C) 

Project  Manager:  Ametigoti  Incorporated 


ALUMINUM  RUNNING  CHASSIS  FOR  MILITARY  USE 
(ARC4-M) 

Project  Manager :  Amerigon  Incorporated 


HYBRID  ELECTRIC  BATTERY 

Project  Manager:  Bolder  Technologies 
CS-AR94-05 

HEAVY-DUTY  HYBRID  ELECTRIC  DRIVE  TRAINS 

Project  Manager:  Santa  Barbara  Air  Pollution  Control  District 
CS-AR94-03 


MILESTONE 

DARPA 

MATCH 

DARPA  FUNDS 
EXPENDED 

CS-AR94-03 

No  milestone  - 

program 

canceled 

29,568 

9,856 

29,568 

29,568 

9,856 

29,568 

1 1/5/1997 
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ELECTRIC  AIRPORT  SHUTTLE  BUSES 

Project  Manager:  Santa  Barbara  Air  Pollution  Control  District 


ENERGY  MANAGEMENT  CONTROLLER 

Project  Manager:  Delco  Electronics 
CS-AR94-13 


DARPA 

MATCH 

DARPA 

FUNDS 

EXPENDED 

CS-AR94-13 

18,000 

18,000 

18,000 

0 

18,000 

1 1/5/1997 
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